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ARS-3LM  COOPERATIVE  STUDIES 
REYNOLDS  CREEK  WATERSHED 

INTRODUCTION 

As  stated  in  Interim  Report  No.  I  (March,  1970),  the  purpose 
of  the  AR5-3LM  cooperative  studies  is  to  accelerate  research  on 
precipitation-runoff  and  sedimentation  characteristics  of  watershed 
areas  with  specific  soil-vegetation  characteristics,  together  with 
quantifying  the  effects  of  certain  management  and  treatment  practices 
applied  thereto.  These  joint  efforts,  during  the  reporting  period, 
have  been  concerned  with  the  water  balance  and  sediment  production 
on  sagebrush  rangelands  as  specified  in  the  Agreement  Renewal  for 


Research  was  conducted  in  the  Reynolds  Creek  Experiment 
Watershed,  as  documented  in  the  1970  Annual  Report  of  the  Nor 
Watershed  Research  Center  (attached  as  supplement)  with  emphc 
on  infiltration  (Res.  Outline,  Ida-Bo-105.  6),  two-dimensional  flc 
systems  (Res.  Outline,  Ica-3o-105. 5),  evapotranspiration  (Res. 
line,  Ida-3o-106.  1),  sedimentation  (Res.  Outline  Ida-3o-lC7.  1), 


r* .  .j. 


cover-soil  conditions  for  different  levels  of  management  (Res.  Outline, 
Ida-Bo-105.  1).  The  latter  Research  Outline  entitled:  "Evaluation 
of  Cover  Production,  Herbage  Yield,  and  Soil  Conditions  for  Different 

,  "  was  formalized  during  the  reporting 


Levels  of  Vegetation  Management 


o 
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period.  Progress  in  the  development  of  study  sites  and  a  summari¬ 
zation  of  research  investigations  are  included  in  this  Report. 

STUD!:  Six  no 

Locations  of  the  eight  study  sites,  developed  to  study  the 
interrelationships  of  cover,  herbage  yield,  soil  conditions,  infiltra¬ 
tion,  evapotranspiration,  and  sediment  production  under  different 
levels  of  vegetation  management  are  shown  in  Figure  1.  Site  infor¬ 
mation  was  included  in  Table  1  of  Interim  Report  No.  1  (1970).  The 
RettxSton  site  was  selectee,  lenced,  arc  partially  mstrumentec  curing' 
the  past  year.  The  development  of  a  study  site  on  granitic  soils 
was  postponed  until  next  year. 

Fencing  for  livestock  enclosure  or  control  was  completed  at 
all  active  sites  prior  to  the  1971  grazing  season  and  close-mesh  fenc¬ 
ing  to  exclude  rabbits  was  installed  at  the  Lakebed  Flats  site.  Photo¬ 
graphs  of  three  of  the  eight  study  sites,  Lakebed  Flats,  Fancy's  Gulch, 
and  East  Reynolds  Mountain,  are  included  as  Figures  2,3,  and  4, 
respectively. 

INSTRUMENT  A  TIOX 

Runoff  and  Sediment 

Instrumentation  for  runoff  and  sediment  measurement  on  2  to 
3-acre  micro-watersheds  was  installed  at  the  Lakebed  Flats  and 
Nancy's  Gulch  sparse  cover  sites.  Figure  5  is  a  sketch  of  a  typical 
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FIGURE  4. 


Reynolds  Mountain  (East) 
Study  Site. 
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r  IC-URR  5.  Sketch  of  a  Typical  Runoff-Sediment  Installation  :cr 

Micro-Watersheds  o;  1  to  3  Acres. 


runoff-sediment  installation  which  includes:  (1)  a  fiberglass  cutoff 
wall  extending  to  backhoe  excavating  depth,  (2)  a  catchment  tank  for 
coarse  sediments,  (3)  a  30-degree  V -notch  weir  and  water-level 
recorder  to  measure  runoff,  and  (4)  a  series  of  single-stage  sus¬ 
pended  sediment  samplers  with  intakes  at  regular  depth  intervals  to 
sample  sediment  concentrations  at  varying  flow  rates.  -Also,  a  li¬ 
ft.  by  72 -ft.  grazed,  sparse  vegetative  cover  plot  at  the  Nancy  site 
was  instrumented  with  borders,  a  collector,  tanks,  a  water-level 
recorder  and  splitter  (Figure  6)  to  measure  runoff  and  sediment 
production  during  storm  events.  Similar  installations  will  be  installed 
at  the  four  other  sites  with  sparse  vegetative  cover.  Additional 
runoff  and  sedimentation  facilities  at  Upper  Sheep  Creek  and  Reynolds 
Mountain  were  described  in  Interim  Report  No.  I  (1270). 

Soils  Moisture  and  Vegetation 

Installation  of  access  tubes  for  measurement  of  soil  moisture 
using  both  the  gamma  and  neutron  systems  was  completed  at  all  sites 
except  the  sparse  vegetation  study  site  at  Upper  Sheep  Creek. 

Round  portable  exclosures  seven  feet  in  diameter  were  con¬ 
structed  to  protect  herbage  yield  plots  from  grazing  while  plants 
were  maturing.  Triangular  exclosures  similar  to  steel  gate  panels 
were  also  constructed  for  the  same  use  on  dense  vegetation  sites. 


I  Rep  oduced  from 
!  best  available  copy 


FIGURE  6. 


Plot  Collector,  Tarots,  Recorder  and  Splitter 
for  Runoff  and  Sediment  Measurement. 
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Instrumentation  for  measurement  of  temperature,  relative 
humidity,  and  wind  were  installed  at  Nancy's  Gulch  and  Upper  Sheep 
CreeK.  Such  instrumentation  was  already  in  operation  at  Lower 
Sheep  Creeic  and  Reynolds  Mountain. 


INVESTIGATIONS 
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Infiltration  and  Flow  in  Porous  Medic 


Studies  concerned  with  infiltration  and  flow  in  porous  media  arc 


discussed  in  detail  in  the  1570  Annual  Report,  Research  Outlines 
Ica-3o-105.  5  and  Ida-Bo-105.  6.  A  summarization  of  these  studies 
is  presented  in  the  following  paragraphs: 


The  accuracy  and  utility  of  computer  solutions  of  the  partial 
differential  equations  that  describe  unsteady- state,  axisymmetric  infil 
tration  were  evaluated  for  use  as  a  prediction  model.  Laboratory 
tests  were  conducted  on  large  soil-cores  by  using  a  rainfall  simulate 
gamma-orobe-  miiltro meter.  This  instrumentation  was  discussed  in 


Interim  Report  No.  1  (1570). 


A  mathematical  model  describing  transient  flow  of  water  from 


circular  infiltrometers  was  formulated  and  analysis  of  preliminary 

2  / 

numerical  solutions  was  accomplished  by  Jeopson  (1).—  Pertinent 


1/ 


Research  on  infiltration  and  flow  in  porous  media  was  conducted 
cooperatively  with  Utah  State  University  and  Oregon  State  Univer 
sity. 


Numerals  in  parentheses  refer  to  publications,  page  23 
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features  that  describe  the  flow  characteristics  obtained  from  34 
solutions  for  varying  initial  conditions  and  for  12  soil  types  were 
summarized  in  tables  and  figures.  Relationships  between  depth  of 
moisture  penetration  and  the  following  characteristics  were  developed: 
(1)  lateral  movemem  of  the  wetting  front,  (2)  rate  of  moisture  applica¬ 
tion,  and  (3)  initial  soil-moisture  tension. 

In  a  companion  report,  Jeopson  (3)  described  the  determination 
of  hydraulic  conductivity-capillary  pressure  relationships  from  satura¬ 
tion-capillary  pressure  data  for  soils.  The  Burdine  Theory  was  used 
to  obtain  relative  permeability  from  the  pressure-saturation  data. 

The  report  describes  a  computer  program  used  to  evaluate  Burcine 
Integrals  and  describes  input  to  and  output  from  the  program. 

Solution  to  transient,  vertical,  moisture  movement  based  upon 
saturation-capillary  pressure  data  and  a  modified  Burdine  Theory 
was  described  by  Jeppson  (4)  in  a  later  report.  This  formulation 
and  solution  method  is  consistent  with  the  solution  method  developed 
earlier  (1,  2,  3)  for  three-dimensional,  axisymmetric  movement  of 
water  applied  at  the  ground  surface  within  a  circular  infiltrorneter. 

This  formulation  was  deemed  necessary,  so  that  comparisons  of  the 
solution  results  from  the  two  different  cases  would  indicate  quanti¬ 
tative  effects  on  the  flow  pattern  of  the  component  of  radial,  moisture 


movement 


*•  1 
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Vertical  moisture-movement  solutions  were  obtained  (4)  for 
several  initial  moisture  contents  and  for  several  application  rates 
for  a  sample  of  disturbed  soil  taken  from  the  summit  area  of  the 
Reynolds  Creek  Experimental  Watershed.  Saturation-capillary  pres¬ 
sure  data  for  this  soil  were  obtained  in  the  laboratory.  In  addition, 
laboratory  measurements  of  the  hydraulic  conductivity  corresponding- 
to  a  number  of  capillary  pressures  were  obtained.  Using  the  satura¬ 
tion-capillary  pressure  data  in  the  Burdine  Equations  for  evaluating 
hydraulic  conductivity  gave  good  agreement  with  the  laboratory  meas¬ 
urements  of  hydraulic  conductivity/. 

In  a  later  report  that  is  not  included  in  the  Annual  Report,  Wei 
and  Jeppson  (5)  obtained  solutions  to  the  problem  of  steady-state 
infiltration  of  moisture  that  moves  through  partially  saturated,  homo¬ 
geneous  soils  toward  a  water  table  from  a  circular  area  of  application. 
Solution  techniques  were  formulated,  and  solution  results  presented. 

The  solutions  indicate  that  significant  radial  movement  of  moisture 
(spreading  effect)  occurs  and  causes  higher  infiltration  rates  at  the 
edge  of  the  horizontal  source  circle  than  near  the  center.  The  infil¬ 
tration  rate  is  closely  related  to  various  soil  parameters  that  char¬ 
acterize  the  hydraulic  properties  of  soils.  Also  presented  are 
several  distributions  of  the  relative  permeability  or  effective  satura¬ 
tion  on  the  surface,  along  the  axis  of  symmetry,  and  on  the  plane 
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including  the  arcs  of  symmetry.  In  addition,  the  report  indicates 
how  the  distributions  of  relative  permeability  or  of  effective  satura¬ 
tion  are  related  to  the  soil  parameters. 

During  the  spring  of  1971,  saturation-capillary  pressure  data 
were  obtained  from  four  32 -inch  diameter,  undisturbed  soil  cores. 

These  cores  were  taken  from  different  locations  on  the  Reynolds  Creek 
Experimental  Watershed  and  included  different  soil  types.  Small  cores, 
2 -inch  in  diameter,  were  extracted  from  the  large  cores  for  obtaining 
conductivity-pressure  data  in  the  laboratory.  In  addition,  a  mathe¬ 
matical  model  of  transient,  vertical  moisture  movement  through 
layered  soils  was  essentially  completed. 

In  another  study  the  adequacy  of  a  numerical  solution  of  the 
steady-state,  two-dimensional  flow  system  resulting  from  infiltration 
of  water  from  melting  snow  was  tested.  Teppson  and  Schreiber  (6) 
described  the  mathematical  model,  and  Schreiber,  et  si.  (7}  evaluated 
the  model  by  field  data  obtained  from  a  northern- slope  section  of  the 


Upper  Sheep  Creek  Watershed. 

The  model  (6)  provides  for  soil  heterogeneity,  soil  anisotropy, 
and  partially  saturated-saturated  flow  regions.  A  representative 
solution,  illustrates  the  capability  and  flexibility  of  the  model. 

Field  measurements  obtained  by  Schreiber,  et  al.  (7)  during 
1970  included  soil  moisture,  soil  capillary  pressure,  piezometric 
fluctuations,  precipitation,  snowpack  volume,  snowpack  water  content. 


snowmelt,  and  streamflow.  Soil  properties  were  determined  in  the 
laboratory. 

Mathematical  solutions  and  laboratory  data  indicated  that  saturated 
hydraulic  conductivity  characteristically  varies  with  distance  up  slope 
from  the  stream  channel.  Other  parameter  variations,  such  as 
anisotropy,  could  be  specified  to  bring  solution  results  in  agreement 
with  observed  conditions. 

A  different  solution  technique,  Kirchhoff  Transformation,  for 
the  solution  of  transient  flow  of  water  from  a  circular  infiltrorneter 
was  described  in  a  supplemental  report  by  Jeppson  (2).  It  was  sug¬ 
gested  that  the  numerical  solution  might  be  improved  for  situations 
containing  regions  of  nearly  saturated  flow  by  means  of  the  Kirchhoff 

Transformation.  Example  solution  results  are  presented  in  the  report. 

_  ...  3/ 

Evapotranspiration- 

Studies  concerned  with  evapotranspiration  from  sagebrush  range 
sites  are  summarized  in  the  1970  Annual  Report  (Res.  Outline,  Ida- 
Bo-106. 1.)  Further  information  on  the  studies  was  reported  by  3elt(3). 

Estimates  of  evapotranspiration  from  sagebrush  rangelands  by 
the  Bowen  ratio  method  and  by  energy  balance-combination  equations 
were  made,  using  data  obtained  by  micrometeorological  instrumentation 
during  the  summers  of  1969  and  1970.  The  Bowen  ratio  estimates 
were  found  to  be  smaller  than  those  obtained  by  other  methods. 

3/  Research  on  evapotranspiration  from  sagebrush  rangelands  was 

conducted  cooperatively  with  the  University  of  Idaho. 


The  apparent  difficulty  in  using  the  Bowen  ratio  method  in  semi- 
and  environments  lies  in  the  assumption  of  equality  in  the  transfer 
coemcients  o:  heat  and  water  vapor  and  in  obtaining  reliable  me  as- 
-remen.s  o:  very  small  vapor  pressure  gradients.  The  energy 
^*c.nee -combination  equation  tor  computing  evapotranspiration  that 
^^q^.^vss  ^umidx.y  da. a  m  adcition  to  surface  temperature  and  radia- 
l‘°n  required  in  tne  basic  energy  balance  equation  is  not  applicable 
snce  luS  computations  were  tounc  to  be  redundant. 

Sumcient  data  have  been  obtained  to  evaluate  the  inequaliiv  of 
.. .e  t.3aiSj.e.  coenicients  Ox  neat— vapor  and  momentum  Tb’s  ^ 
v/im  -wane  it  possible  to  obtain  independent  estimates  of  evaaotrans- 
P* ration  for  testing  a  proposed  energy  balance  equation,  based  on  the 
..  cms.aiice  concept,  to  compute  evapotranspiration  from  sparselv 
vegetated  rangelands. 

Runoff  and  Sedimentation 

During  the  19o9-70  water  year  the  only  important  runoff  produc¬ 
ing  events  occurred  during  the  January  21-27,  1370,  storm  and  the 
May -June  snowmelt  period.  January  precipitation  varied  from  2.36 
inches  at  o9i5  feet  elevation  to  9.  52  inches  at  SSOO  feet.  Although 
.he  January  precipitation  reached  near  record  amounts,  only  minor 
.modmg  occurred  and  the  hign  elevation  snow  absorbed  most  of  the 
rain.  Also,  sediment  production  from  the  January  runoff  was  low 
at  the  Reynolds  Mountain  and  Upper  Sheep  Creek  sites. 
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The  snowmelt  season  was  somewhat  later  than  normal  and  melt 
runoff  from  higher  elevations  occurred  mainly  in  late  May  and  early 
June.  Snowmelt  runoff  and  sediment  production  were  about  normal. 
Further  details  are  contained  in  the  1570  Annual  Report  (Res.  Outline 
Ida-3o-107. 1).  Processing  and  compiling  of  runoff  and  sediment 
data  for  the  1970-71  water  year  are  scheduled  for  completion  in 
December  1S71  and  will  show  above  normal  winter  precipitation  and 
snow  accumulation. 

Soil  Moisture  and  V egetation 

Duplicate  micro-plots  of  2  ft.  by  2  ft.  tv  ere  established  at  all 
study  sites  for  each  type  of  vegetation  treatment.  Initial  surveys 
of  these  plots  were  completed  regarding  identification  of  species  of 
grasses  and  forbs,  and  the  measurement  m  the  basal  area  of  grasses 
present. 

These  plots  were  also  charted  and  photographed.  Any  fluctua¬ 
tions  in  either  species  composition  or  basal  area  of  grass  clumps 
caused  by  treatments  imposed  will  be  compared  with  this  initial 


information.  Figure  7  shows  one  of  the  microplots  on  the  brush- 
removed  treatment  at  Upper  Sheep  Creek.  Clippings  were  also  taken 
from  all  sites  for  measurement  of  herbage  yield. 

Soil  moisture  measurements  were  obtained  at  three  of  the  study 
sites:  Lakebed  Fiats,  Nancy's  Gulch,  and  Upper  Sheep  Creek,  dur¬ 

ing  the  period  of  this  report.  The  neutron  depth  gauge  was  used  for 
measurements  below  six  inches.  Use  of  the  gamma  density  probe 
was  initiated  in  1S71  for  the  purpose  of  following  moisture  change  in 
the  0-6  inch  zone.  Figure  3  shows  a  scaler  for  gamma  measurements 
being  used  at  Upper  Sheep  Creek  while  Figure  9  shows  the  scintillation 
probe  of  the  gamma  system. 

Studies  were  initiated  in  1969  to  evaluate  the  effects  of  various 
brush  treatments  on  herbage  yield.  This  initial  study  was  incorpora¬ 
ted  into  Res.  Outline,  Ida-Bo-105.  4.  Results  from  the  study  in  1970 
are  reported  in  the  19 "0  Annual  Report,  page  7-7.  Figures  10  and 
11  show  the  sites  from  which  brush  was  removed  and  sprayed,  res¬ 
pectively,  with  all  grazing  animals  excluded.  Figure  12  shows  the 
grazed  treatment. 

Cover  transects  were  recorded  for  all  sites  and  each  site  was 
assigned  an  erosion  condition  class  derived  from  the  BLM  Soil  Sur¬ 
face  Factor  rating  sheet.  Cover  measurements  and  erosion  condition 


are  given  in  Table  1 


FIGURE  7.  Microplot,  3  ft.  by  3  ft. 

for  Charting  Vegetation  Changes 
(Upper  Sheep  Creek) 


FIGURE  8.  Scaler  for  Gamma  System  Used 
to  Determine  Soil  Moisture. 


FIGURE  9. 


Scintillation  Probe  and  Standard 
for  Gamma  System. 


FIGURE  10.  Brush  Removed  Treatment, 
Upper  Sheep  Creek. 


FIGURE  11. 


Sprayed  Plot  (2,4,5-T) 
Upper  Sheep  Creek. 


FIGURE  12,  Grazed  Site 

Upper  Sheep  Creek. 
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Grazed  86.3  12.4  0.1  0.0  1.1  Stable 
Enclosure:  -  No  brush  treatment  83.7  13.9  0.1  0.0  2.3  Stable 
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sum:.lary 


Data  collection  was  initiated  on  eight  special  study  sites  (Figure 
1,  page  3).  These  sites  were  developed  to  study  the  interrelation¬ 
ship  of  cover,  herbage  yield,  soil  condition,  infiltration,  evapotrans- 
piration,  and  sediment  production  under  different  treatments.  Tabu¬ 
lations  of  cover  measurements  and  erosion  condition  classes  for 
separate  treatments  are  given  in  Table  1,  page  20. 

Instrumentation  yet  to  be  completed  on  the  study  sites  include 
soil  moisture  access  tubes  on  Upper  Sheep  Creek  (North)  and  per¬ 
manent  runoff-sediment  measurement  plots  on  four  sparsely  vegetated 
sites.  This  work  is  scheduled  for  completion  during  FY  1372  with 
one  additional  study  site  to  be  installed  on  granitic  soils. 

The  cooperative  investigations  of  a  two-dimensional,  steady-state 
watershed  flow  system  was  essentially  completed  and  reported  in 
publications  6  and  7.  Other  investigations  concerned  with  infiltra¬ 
tion  led  to  the  development  of  a  mathematical  model  to  describe  the 
three-dimensional  axisynmetric  flow  of  water  from  an  infiltrometer 
through  partially  saturated  soil  and  a  model  for  calculating  the  one- 
dimensional,  vertical  movement  of  water  in  soil.  These  models  and 
solution  techniques  are  reported  in  publications  1,2,3,  4,  and  5. 
Laboratory  and  field  data  have  been  obtained  to  test  the  applicability 


of  these  models. 


' 
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PUBLICATIONS 

1.  Jeppson,  R.W.  1370.  Transient  flow  of  water  from  LYiltrometers — 

formulation  of  mathematical  model  and  preliminary  nur-  srical  solu¬ 
tions  and  analyses  of  results.  Project  report  PRWG-59c-2.  Utah 
Water  Research  Laboratory,  Utah  State  University,  Logan. 

2.  Jeppson,  R.W.  1970.  Formulation  and  solution  of  transient  flow 
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Utah  State  University,  Logan. 

3.  Jeppson,  R.W.  1970.  Determination  of  hydraulic  conductivity¬ 

capillary  pressure  relationship  from  saturation-capillary  pressure 
data  from  soils.  Project  report  PRWG-59c-4.  Utah  Water  Re¬ 
search  Laboratory,  Utah  State  University,  Logan. 

4.  Jeppson,  R.W.  1970.  Solution  to  transient  vertical  moisture 

movement  based  upon  saturation-capillary  pressure  data  and  a 
modified  Burdine  Theory.  Project  report  PRWG-59c-5.  Utah 
Water  Research  Laboratory,  Utah  Stare  University,  Logan. 

5.  Wei,  C-Y. ,  and  Jeppson,  R.W.  1971.  Finite  difference  solutions 
of  axisymmetric  infiltration  through  partially  saturated  porous  media. 
Project  report  PRWG-5Sc-6.  Utah  Water  Research  Laboratory',  Utah 
State  University,  Logan. 

6.  Jeppson,  R.W.  and  Schreiber,  D.L.  1971.  Solution  of  a  two- 
dimensional,  steady-state  watershed  flow  system:  Part  I.  Des¬ 
cription  of  mathematical  model.  A  portion  of  Paper  No.  71-255 
presented  at  the  Annual  Meeting  of  the  American  Society  of  Agri¬ 
cultural  Engineers  at  Washington  State  University,  Pullman.  Sub¬ 
mitted  in  July  1971  for  possible  publication  in  the  Transactions  of 
the  ASAE. 

7.  Schreiber,  D.L.,  Jeppson,  R.W.,  Stephenson,  G.  R. ,  Johnson,  C.W., 
Cox,  L.M.,  and  Schumaher,  G.A.  1971.  Solution  of  a  two-dimen¬ 
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by  field  data.  A  portion  of  Paper  No.  71-255  presented  at  the 
Annual  Meeting  of  the  American  Society  of  S'  gri cultural  Engineers 
at  Washington  State  University,  Pullman.  Submitted  ir  July  1971 
for  possible  publication  in  the  Transactions  of  the  ASAE. 

8.  Belt,  G.H,  W70.  Spring  evapotranspiration  from  low  sagebrush 
range  in  southern  Idaho.  Research  Project  Technical  Report,  Project 
A-014-Ida.  Water  Resources  Research  Institute,  University  of  Idaho, 
Moscow,  Idaho  (October). 
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PRSI'ACE 


Congress,  in  1260,  established  the  northwest  ’’./a  ter  shed 
Research  Center  to  gain  basic  information  on  runoff  character¬ 
istics,  including  '.:ater  yield,  frc-m.  plateau  and  foothill 
grazing  areas  of  the  I!orthv;est  and  basic  information  on  runoff 
and  sediment  problems  of  the  northwest  wheat -producing  areas. 

The  research  mission  is  to  gain  a  better  understanding  of  the 
role  of  the  land  _*ne  the  influences  of  vegetation,  climate, 
and  land  management  on  the  movement  of  water  and  sediment. 

Objectives  of  the  research  program  concerning  the  hydrologic 
performance  or  range  and  agricultural  lands  are: 

1*  To  measure  "water  and  sediment  yields,  evapetrans- 
pixation,  changes  in  storage  of  soil  moisture  and 
ground  water,  precipitation  and  other  climatic 
variables  on  selected  study  areas  at  representative 
locations  in  the  northwest . 

2.  To  define  the  influence  of  soil,  vegetation, 
climate,  geology,  and  land  management  cn  the 
disposition  of  precipitation  and  cn  sediment 
yield  for  the  study  areas. 

3.  To  develop  a  hydrologic  model  for  the  prediction 
of  'water  and  sediment  yields  from  range  and 
agricultural  lands  in  terms  of  readily  obtainable 
climatological  and  physical  data  for  different 
management  levels.. 

Research  is  conducted  in  cooperation  with  the  Ibrperiment 
Stations  of  Idaho,  Oregon,  and  ..ashington,  and  with  the  G'wyhee 
Soil  Conservation  District,  the  Soil  Conservation  Service,  and 
the  _ureau  of  Land  management.  ..escarch  findings  are  docu¬ 
mented  in  the  technical  literature,  and  hydrologic  data  are 
released  following  evaluation  for  use  by  other  groups  or 
individuals . 
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the  foregoing,  a  nurfeer  of  ten: crazy  employees 
;  entent  of  302  man-days  in  construction,  152 
truuentation,  SCO  :.ion-ds.ys  in  data  acquisition 
and  260  nan -days  clerical,  or  a  total  of  1290 
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2  *  Facilit ios 

The  research  of  1  ices  are  located  in  a  leased  building  at  3C6 
IT.  5tn  direst,  Isicc,  Idaho.  Facilities  located  at  C-ov.en  Field 
(doisc  Airoort)  consist  of  a  shoe  housed  in  a  quonset  building 
and  a  soils,  geology,  and  instrument  laooretory  housed  in  a 
pref aorieated  steel  building.  The  ..eynolds  Creek  Experimental 
hater  shed  field  headquarters  is  located  in  the  v.;a  ter  shed  at 
Reynolds,  Idaho,  50  miles  southwest  of  foies,  and  consists  of 
a  quonset  building  end  storage  sheds  on  3  acres  of  leased  land. 

i  / 

3  .  Instrument  a  tioikF 

A  tadular  summary  of  i n s t r unen t a t i on  is  found  in  Table  1, 

(p.  1-5).  Location  naps  are  shown  in  Figures  1  and  2  for 
Reynolds  Creek  watershed  end  Rabbit  Creek  Watershed,  respec¬ 
tively. 

Instruments-;: ion  seditions  during  the  resorting  year  include: 

(1)  installation  of  neutron  and  garara  pro_e  access  tubes  at 
Reynolds  i  mu:,  tain  -a  ter  sheds.  Cheer-  Creek  .a  ter  sheds ,  Fancy 
Culch  study  area  and  Lakes ed  Flats  study  area;  (2)  soring 
development  and  installation  of  water  measuring  devices  at 
Reynolds  Fountain  Jest  atershed  and  near  the  Commit  ^Water¬ 
shed;  (3)  installation  of  a  Universal  Surface  Frecipitation 
Cage,  snev;  pillov/s,  and  precipitation  gages  in  the  drainage 
oasin  of  the  7 est  .  ork  of  .  eynolds  Creek;  (4)  an  improved 
solc.rir.ieter  ac  the  Lower  Cheep  Creek  feather  Ct.-tisn;  (5) 
gravity  susoended  sediment  samplers  at  i.oscow,  Id^ho  (Thompson 
'hater shed)  and  the  Summit  .atershed  trioutary  to  Reynolds 
Creek;  (6)  a  runoff -sediment  olot  and  tanks  at  the  Fancy  Culch 
study  area;  and  (7)  an  inf iltr oneter  rainfall  simulator  test 
facility  for  undisturbed  soil  cores  at  the  Reynolds  Field 
Headquarters,  also,  several  study  sites  were  fenced. 


1/  Locations  are  found  by  use  of  the  Federal  system  of  land 
divisions  ..here  each  section  in  the  ..eynolds  Creek  'hater- 
shed  numoered  as  sho./n  in  Figure  1  from  the  uooer  left 
(nor thwes t )  corner  in  r::;c  of  1C,  In  the  Rabbit  Creek 
watershed,  Figure  2,  the  regular,  section  number s  are  usee* 
bach  section  is  subdivided  into  ICO  squares,  as  indicated 
in  the  subdivided  section  in  the  upper  right  corner  of 
Figure  1.  hithin  a  numbered  section,  a  location  is  found 
by  sieving  don  any  section  to  the  row,  and  then  across  to 
the  preoer  column.  f  precipitation  gage  is  designated 
by  a  6-digit  number.  The  first  three  digits  reoresent 
the  section  and  the  la  s  c  two  digits  represent  the  location 
of  the  smallest  subdivision  within  the  section. 


. 
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TABLE  1.  --Instrumentation 


rn  m 


Location 

(See  Figure  1,  for 
Section  Numbers  and 
Footnote  1,  p.  1-4 
for  location  of  sites) 

Weirs 

Recording  Rain  Gage 

('Dual  Slres'k 

Recording  Rain  Gage 

(Single  or  Grouped) 

Universal  Surface 

Gages 

Snow  Courses 

Snow  Pillows 

Soil  Moisture 

Sites 

CO 

^  C/3 

V  r-H 

LJ  *— < 

a  v 
£  3 

C 

M  • 

'J  m 
^  JD 
^  O 

Solarimeters 

1 

Z) 

J-4 

3 

u 

r3  Li 

5-i 

"J 

£• 

j  5 

u 

<u 

•  AJ 

c  o 
E 

£  c 

>  £ 
.  u 
X  o 

Sp 

Soil  Lysimeturs 

CO 

O 

•u 

£ 

c 

O 

£ 

-5 

■U 

£ 

u 

£ 

■a 

y) 

CO 

£  3 

3- a. 

5  3 

Runo f  f-Sed iment 

Plots 

Reynolds  Creek 

Watershed 

Network 

4 

96 

1 

8 

2 

19 

2 

2 

Murphy  Cr.  (43) 

1 

Summit  Study 

Basin  (43  &  49) 

1 

24 

8 

Lakebed  Study  Site  (57) 

3 

Cooperative 

Weather  Sta.  (76) 

2 

1 

2 

1 

2 

Ground-Water 

Study  Basin  (86) 

& 

14 

30 

2 

1 

Nancy  Gulch 

Study  A’-ea  (98) 

3 

1 

Sheep  Creek  (117) 
Watersheds  (138) 

3 

1 

31 

10 

1 

Climatological 

Stations  (127) 

1 

1 

1 

1 

2 

1 

Reynolds  Mt. 

Study  Basins  (166  &  176) 

2 

2 

2 

24 

15 

1 

Climatological 

Stations  (176) 

9 

1 

1 

1 

2 

3 

Rabbit  Creek 

2 

10 

11 

2 

Thompson  Watershed 

(Moscow,  Ida. ) 

1 

2 

| 

1 

Bogus  Basin 

1 

2 

Trinity  Mtn. 

1 

2 

Totals 

20 

108 

13 

JLj 

8 

8  1 

110 

82 

J 1 

4 

3 

6 

8 

8 

1 

Parshall  Flumes 
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.  Coooer-ative  .'.e^Garch 


a.  U.3.  Department  of  Interior,  lurcau  of  Land 
f  anagenent . 


(1)  The  cooperative  work  in  the  .eynalds  Creek  Jater- 
shed  is  for  c one rehens ive  studies  on  the  effects 
of  vegetation  u  -on  the  hydrologic  performance 

of  viator  sheds .  The  '..Li-:  furnishes  supcler..ental 
funds  and  the  required  evrger  inental  sites  on 
piv , lie  lands  as  assistance  in  conducting  these 
studies.  The  funds  have  seen  used  primarily  in 
outsort  of  investigations  under  f.eseorch  Outlines 
Ida-_o-105.d,  105.5,  105.6,  and  106.1. 

(2)  Data  on  the  ,'iabbit  Creek  batersned  (7rr.il  Lands 

area)  are  collected,  processed,  and  reported 
v/ith  operating  funds  supplied  by  the  DLif  District 
Office,  boise,  I  d„  h  o .  mao  of  the  babbit  Creek 

..aters. ved,  shooing  the  data  network,  is  included 
as  Figure  2 ,  1.7. 


b.  University  of  Idaho 


(1)  Studies  of  the  ground-voter  f lev  system  and 
water  balance  for  an  irrigated  field  (.“esearch 
Outline  Ida-lo-lCS .3 )  has  progressed  to  the  final 
analysis  stage.  Scoter's  thesis  by  Hr.  David 
Allman  and  capers  covering  this  v/erk  will  be 
prepared  in  1971  and  the  Outline  terminated. 

(2)  Field  data  on  evapotransriration  obtained  by 
use  of  nicroneteor olocical  instrumentation  has 
been  processed  by  i  ,r .  'leorge  .sit  m.d  prelimi¬ 
nary  analyses  made  (  .esearch  Outline  Ida-?o- 
1C6.1).  .t  least  one  paper  ’ill  be  prepared 
during  1971  covering  the  analysis  of  data 
obtained  during  1969.  Additional  field  data 
will  oe  oat mined  in  1971. 

(3)  Collection  of  climatological,  soil  moisture, 
runoff  and  sediment  d^ta  from  the  Thompson 
batershed  near  Aosco-  ,  Idaho  continued  through 
1970  under  direction  of  Sr.  Ayr on  Aolnau.  Also, 
two  gravity  samplers  for  suspended  sediment  were 
designed  c.nu  fabricated  at  the  University  for 

use  on  the  Thompson  and  Reynolds  Creek  watersheds. 

c.  University  of  Aevrda 


Data  collection  and  analysis  of  the  ionic  con¬ 
centrations  in  a  ground-water  flew  system  is 
approaching  completion.  (Research  Outline 
Ida-f q-103 .d . )  The  chemical  analysis  has  been 
performed  by  Dr.  John  Duarp  of  the  Desert  lie- 
search  Institute. 


Reproduced  from 
best  available  ccpy. 


TT- 
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d.  Oregon  Utute  University 

Work  has  continued  on  development  of  techniques 
one  instrui.i3nto.tion  for  determining  hydraulic 
properties  of  soils  in  the  field  by  Ur.  Royal 
brooks  end  i.r.  Neil  figes.  (This  work  is  re¬ 
ported  under  research  Outline  Ida-_o-105 .5 . ) 

e»  Utah  Otete  University 

Investigations  on  the  flov;  of  voter  from  an 
inf iltrometer  and.  tv-o -dimensional  flov:  systems 
have  been  conducted  by  Ur.  Roland  Jeppson  and 
Nr.  Chi  -Yuan  Wei.  he  .sorts  have  been  prepared 
covering  analytical  solutions  end  loooratory 
date  Cutamee  for  verification.  (Work  report 
under  Research  Cutlines  Ida-Uo-105.5  and  105. 


3.  HYDROLOGIC  DATA 

Hydrologic  data  collected  from  the  instrumentation  as 
listed  in  Table  1,  p.  1-5,  and  as  located  in  figures 
1  and  2  on  Pages  1-6  and  1-7,  respectively,  have  been 
tabulated  or  entered  on  punch  cards  for  orocessing 
and  analysis.  These  data,  for  the  v;a,ter  year  of  1970 
are  included  as  an  Append!::  (attached  to  reserve- 
working  copies  of  this  Report)  containing  information 
on  runoff,  precipitation,  snow  vater  content,  soil 
moisture,  sedimentation,  water-table  depths,  v/ind, 
solar  radiation,  and  humidity. 


o  o 
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REPORTS  BY  INDIVIDUAL  EXPERIMENTS 


CRIS  Woric  Unit  No.  S\VC-011-fEo-l  Code  No.  Ida.-Bo-100. 1 


Title: 


Snow  accumulation  and  melt  on  study  areas. 


Location: 


Northwest  Watershed  Research  Center, 
Boise,  Idaho. 


Personnel:  Lloyd  M.  Cox  and  Freeman  Id.  Smith. 

Date  of  Initiation:  August  1,  1961. 


Expected  Termination:  Originally  planned,  November  1S68. 

Recommendation,  November  1971. 


Objectives: 

1.  To  determine  the  physical  and  meteorological  factors  con 
tributing  to  nonuniiormity  of  snow  accumulation  in  shrub- 
covered  study  basins  on  mountainous  terrene. 

2.  To  determine  the  influence  of  the  controlling  physical  and 
meteorological  factors  on  snowmelt  from  the  above  areas. 

r  Need  for  Study: 

I 

!  A  substantial  proportion  of  the  runoff  from  the  sagebrush  rangelands 
of  the  Northwest  has  its  origin  in  the  melting  of  snow.  A.ny  proposals 
j  to  improve  the  quantity  or  timing  of  flow  from  snow-fed  streams  by 
manipulation  of  vegetation  or  by  other  practices  require  that  the  be- 
j  havior  of  snow  be  well  understood.  There  has  been  little  research  on 
the  behavior  of  snow  in  shrub  areas  anywhere,  and  almost  none  in  the 
snanbrush  areas  of  the  Northwest. 

Destructive  late  winter  and  spring  floods  in  the  Northwest  frequently 
originate  from  rapid  melting  of  snow  at  low  elevations  characteristic 
of  the  sagebrush  zone.  Although  there  is  little  livelihood  of  modifying 
^nowmelt  rates  enough  to  alleviate  this  threat,  Knowledge  about  the 
behavior  of  snow  in  the  sagebrush  zone  will  be  helpful  in  devising  better 
warning  and  forecasting  techniques  that  may  reduce  the  danger  to  life 
and  property  from  snowmelt  floods. 

Design  of  the  Experiment  and  Procedure  to  be  Followed: 

Bcca.use  of  the  exploratory  nature  of  this  experiment,  no  ordinary  sta¬ 
tistical  design  is  applicable  to  the  study.  However,  the  general  plan 
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is  *to  choose  two  unit  source  areas— both  shrub-covered  — end  at  ran¬ 
domly  located  points,  to  determine  the  following  varia.bles:  snow  depth 
and  water  content,  slope,  aspect,  vegetation  height,  total  and  net  solar 
radiation,  runoff,  temperature,  wind,  and  humidity.  Multiple  regres¬ 
sion  analysis  will  be  used  to  identify  the  characteristics  contributing  to 
heavy  snow  accumulation. 

The  areas  of  heavy  and  light  snow  accumulation  will  be  delineated  by 
the  use  of  photogrammetric  techniques.  The  photogrammetric  data 
will  be  used  to  construct  cross  sections  to  show  snow  depth  in  relation 
to  ground-surface  features. 

Experimental  Data  and  Observations: 

Destructive  flooding  from  melting  snow  is  usually  associated  with  a 
rain-on -snow  event.  The  rain  by  itself  adds  very  little  heat  to  the 
snow  co  produce  melting.  /hat  usually  happens  is  that  the  condensa¬ 
tion  heat  and  also  convective  heat  exchanges  are  also  ~cting  at  the 
time  cf  rainfall,  thus  contributing  to  snowmelt.  If  the  snow  is  quite 
cold  and  the  crystals  quite  fine,  then  the  snow  can  be  termed  as  dry 
and  has  the  capacity  to  store  water.  A  rain-on- snow  event  under  these 
conditions  may  not  produce  any  runoff  until  the  storage  capacity  of  the 
snow  has  been  satisfied.  Much  depends,  of  course,  on  the  existing 
meteorological  conditions  and  the  depth  of  the  snov/pacx. 

Figure  1— ^  is  a  graph  depicting  a  rain-on-  snow  event  with  a  snow  depth 
of  11  inches  and  water  equivalent  of  1.28  inches.  The  curve  at  the  top 
of  the  figure  represents  the  changes  of  air  temperature  with  time  during 
this  event.  The  next  curve  shows  the  changes  in  water  equivalent  with 
time  as  measured  by  a  universal  gage  and  the  melt  from  this  gage  is 
represented  by  the  second  curve  from  the  bottom.  The  bottom  curve 
is  a  plot  of  the  precipitation  as  collected  with  an  G-inch  unshielded  rain 
gage  located  adjacent  to  the  cite. 

Precipitation  was  observed  as  rain  from  0800  November  23,  1970,  until 
0100  on  November  25,  1970.  Even  though  the  rainfall  was  not  constant, 
water  continued  to  flow  out  from  the  bottom  of  the  snowpacK  at  a  fairly 
constant  rate  until  1600  on  November  24,  1970.  After  this  time,  bursts 
of  precipitation  produced  surges  in  the  water  being  collected  at  the  bot¬ 
tom  of  the  snowpacK,  indicating  that  the  storage  capacity  of  the  snow  had 
been  reached.  With  the  cessation  of  rainfall  at  0100  on  November  25, 
1970,  water  continued  to  drain  from  the  snowpacK  until  1000  on  November 
25,  1970.  Gnow  started  to  fall  at  0700  on  November  25,  1970,  thus 
producing  a  subsequent  increa.se  in  the  water  equivalent  measurement. 


1_/  rigure  1  follows  page  2-4. 
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The  total  precipitation  collected  by  the  unshielded  rein  gage  for  this 
event  staining  nt  1000  on  November  22,  1970,  through  1200  on  November 
25,  1370,  was  2.17  inches,  while  the  shielded  gage  caught  2.4  inches. 
The  water  equivalent  measurement  showed  a  net  increase  of  1.10  inches, 
using  a  tentative  calibration.  The  melt  collected  curing  this  time 
period  v/a.s  1.  44  inches  of  water. 

Comments,  Interpretation  and  Future  Plans: 

Data  collected  during  the  rain-on- snow  event  showed  that  the  net  change 
in  water  equivalent  for  the  event  resulted  in  an  increase  of  1.10  inches 
of  water.  Total  melt  collected  for  this  same  period  was  1.44  inches  of 
water.  Zf  the  2.17  inches  of  precipitation  collected  by  the  unshielded 
rain  gage,  1.  82  inches  was  observed  as  rain,  the  remaining  was  snow. 
This  indicates  that  at  least  0.  3C  inches  of  rain  (1.  82  -1.  44  =  0.38 
inches)  was  stored  within  the  snov/pacK. 

Data  collected  from  another  snow  study  site  during  this  same  rain-on- 
snow  event  did  produce  similar  results  in  the  total  amount  of  melt 
water  collected.  Unfortunately  the  rain  gage  at  this  other  site  was 
not  in  operation  and  no  precipitation  was  collected. 

Previous  studies  (Research  Outline  Ida-Bo-102.  6)  have  indicated  that 
the  precipitation  caught  in  an  unshielded  rain  gage  is  not  representative 
of  the  actual  catch.  If  the  calibration  coefficient,  as  determined  from 
these  studies,  is  used  to  calculate  the  actual  precipitation  using  the 
unshielded  total  of  2.17  inches  and  the  shielded  total  of  2,40  inches  then 
a  value  of  2.  67  inches  is  the  total  precipitation  for  this  event.  This 
would  mean  that  about  .13  inches  more  precipitation  fell  than  could  be 
accounted  for  by  the  increases  of  water  equivalent  and  melt  water  col¬ 
lected  (1.  10  +  1.  44  =  2.  54  inches)  by  the  universal  gage.  This  is  a 
very  close  agreement,  considering  that  a.  tentative  calibration  was  used 
for  converting  the  pressure  recording  on  the  universal  gage  to  water 
equivalent  and  that  the  calibration  coefficient  for  the  rain  gages  may  be 
slightly  different  than  a  value  of  2.0. 

One  otner  source  of  heat  that  can  produce  appreciable  snowmelt  comes 
from  the  long  wave  radiation  that  is  radiated  from  the  low  warm  cloud 
cover  during  the  spring  melt  season.  An  effort  was  made  to  collect 
net  radiation  data  during  the  previous  spring  snowmelt  season,  but  this 
effort  was  unsuccessful  because  of  instrument  failures.  Duplication  of 
critical  components  in  instrument  recording  systems  is  a  must  if  con¬ 
tinuous  data  are  to  be  collected  at  remote  snow  research  sites. 
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Sufficient  replication  of  meteorological  measurements  and  snowmelt 
collection  measurements  is  necessary  for  adequate  evaluation  of  heat 
energy  flexes  during  special  snowmelt  events.  Quality  measurements 
of  net  radiation,  solar  radiation,  precipitation,  air  temperature,  rela¬ 
tive  humidity,  windspeec,  snow  profile  temperature,  and  snow  density 
measurements  along  with  simultaneous  measurements  of  water  leaving 
the  bottom-  of  the  snowpacK  are  all  absolutely  necessary  for  developing 
and  testing  a  meaningful  snowmelt  model. 


INCHES 
°  O  o 


NOV.  22,1970  NOV.  23, 1970  N0V.24.I970  NOV.  25,19/0 

TIME  IN  HOURS 

Figure  I  .  Changes  in  water  equivalent  with  time  as  mease,  rd  with  a  universal  gage  (luring  a  rain-on-snow 
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CRIS  Work  Unit  No.  SWC-01 1- f 3o- 1 


Code  No.  Ida-Bo-  102.  1 


Tic  le: 


Prec ipitac ion  charac ter  is C ics  of  a  northern, 
mountainous,  semiarid  watershed. 


Personnel : 


Location : 


Northwest  Watershed  Research  Center,  3oise,  Idaho. 
F.  M.  Smith— ^  and  W.  R.  Hamon 


Date  of  Initiation: 


June  1961 


Expected  Termination  Dace:  Originally  Planned:  December,  1969 

Recommended:  December,  1971 


Ob  jec  t  ives : 

1.  To  develop  methods  for  evaluating  precipitation  rates  and  amounts  for 
watersheds  of  different  sizes. 

2.  To  determine  seasonal  distribution  of  precipitat:  with  respect  to 

amounts,  character,  and  areal  extent. 

3.  To  develop  depth-durat ion- frequency  and  de pth -area -durat ion  relationships 
for  the  Reynolds  Creek  Experimental  Watershed. 

4.  To  establish  general  prec ipitat ion-e levat ion-aspect -s lope  relationships 
from  precipitation  data  obtained  in  the  Reynolds  Creek  Experimental 
Watershed. 

Need  for  Study: 

No  dense  recording  rain  gage  networks  exist  in  the  Northwest.  Such  a  network 
is  necessary  to  delineate  thunderst  rms  and  at  .,r a  variability.  Furthermore, 
Weather  Bureau  data  collection  stations  are  generally  located  in  or  near  the  main 
cities.  These  cities  are  generally  along  the  main  stems  of  major  streams  cr 
in  their  valleys.  Thus  a  sample  of  the  range  watershed  areas  is  not  available 
from  their  records.  In  addition  to  this,  there  is  a  dearth  of  rain  gages 
capable  of  recording  intensities  or  even  individual  storm,  data. 

The  Soil  Conservation  Servica  is  constantly  called  on  to  make  estimates 
of  precipitation  away  from  the  large  population  centers.  Very  little,  data 
is  available  to  them  on  which  to  base  their  estimates. 


On  leave  without  pay  during  reporting  period. 
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Design  of  E::ne riment  end  Pr~ccdurs  to  be  Followed: 

Data  Procurement: 


1.  A  recording  rain-gage  network  with  a  basic  densitv  of  cno  gage 

ner  square  mile  will  furnish  the  basic  data.  At  selected  locations 
additional  gages  will  be  added  to  furnish  data  to  obtain 
refinement  of  the  spatial  variability  of  prec ioitat ion. 

2.  Data  on  elevation,  aspect,  and  slope  will  be  obtained  from 
topographic  maps. 

3.  Comparable  precipitation  data  will  be  obtained  from  U.  S.  Weather 
Bureau  stations  in  the  general  region. 


Procedure : 


Free ipitac ion-elevac ion-s lopc-aspec t  relationships  will  be 
established  and  basic  data  reduced  to  a  common  datum  plane  for 
storm  analysis  to  obtain  objectives. 


Experimental  Data  and  Observations : 


Prac ipitat ion  data  collection  was  continued  from  the  Reynolds  Creek  and 
Rabbit  Creek  Network,  Figures  1  and  2,  pages  1-6  and  1-7,  respectively.  Data 
on  the  precipitation  gage  networks  and  other  instrumentation  is  noted  in 
Table  1,  page  1-3. 


Each  precipitation  site  is  instrumented  with  dual  gagcs--one  unshielded  and 
one  shielded  gage.  A  mathematical  model  that  uses  the  shielded  and  unsnielded 
gage  catches  to  computed  :,actual  precipitation,  independent  of  wind, 
has  been  presented  in  previous  Annual  Report. 

An  isohyetal  map  of  Reynolds  Creek  Exnerncntnl  Watershed  for  precipitation 
caught  bv  unshielded  gages,  during  the  1969-70  water  year  is  presented  as 
Figure  La.  Isohyets  of  the  shielded  gage  catch  in  excess  of  the  unshielded 
gage  catch  is  shown  in  Figure  2.  Computed  precipitation  totals,  obtained 
from  total's  of  shielded  and  unshielded  gage  catches,  for  the  1969-70  water 
yt-r  have  bear,  used  to  prepare  an  Isohyetal  map,--  Figure  3.  Values  obtained 
for  this  latter  ischyetal  map  of  computed  total  prec ipitat ion  are  up  to 
4  percent  too  small  in  the  higher  prcc ipitat ion  zones  since  yearly  rather 
than  storm  or  monthly  totals  were  used  ir.  the  calculations. 


2/ 


Figures  follow  page  3-4. 
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Water  year  totals  cf  unshielded  and  computed  prec ipitat ion,  along  with 
runoff  and  evapetranspiration  estimates,  are  tabulated  for  4  watersheds  in 
Table  1. 

All  previously  obtained  precipitation  data  are  tc  be  converted  to  better 
estimates  of  actual  precipitation  by  applying  procedures  developed  under 
Research  Dueling  Ida-Bo-102. 6. 

TABLE  1. --Watershed  precipitation,  runoff,  and  evanotransnirat ion. 


Watershed 

and 

Elevation  Range,  Ft. 

1/ 

Free ipitat ion- 
(U)  (A) 

Runoff 

(R) 

E.  T. 
(A-R) 

p.E.T  I' 

U/A 

-(%) 

Summit 

(41C0-4CC0) 

9.25 

10.  00 

0 

10.00 

37 

93 

Lower  Sheen 
(5200-5428) 

11.  55 

14.38 

0.  03 

14.35 

32 

78 

Sa Imon 

(3675-6200) 

16.26 

13.  05 

3.45 

15.40 

86 

Tailgate 

23.77 

30.  65 

10.  14 

20.51 

29 

78 

(4600-7300) 


\j  £  ccr.TApcet  <.<£. 

— '  The  symbol  U  represents  unshielded  precipitation  gage  catch  and 

_  |- '  .  p  r'e.c.v  VCT\  • 

2/ 

—  P.E.T.  represents  potential  evapotranspirat ion.  Value  extracted  from  1968 
Annual  Report. 


Comments,  Interpretations,  and  Future  Plans: 

The  computed  water  year  precipitation,  Figure  3,  for  the  Reynolds  Creek 
Watershed  exceeds  the  precipitation  caught  by  unshielded  gages  by  about  1 
inch  where  the  total  precipitation  caught  by  the  unshielded  gage  was  only 
10  inches,  but  exceeds  the  unshielded  gage  catch  by  nearly  14  inches  at 
higher  elevations  where  the  total  unshielded  gage  catch  was  about  31  inches. 
Expressed  as  percentages,  the  observed  unshielded  precipitation  gage  catches 
we re  about  09  percent  of  the  computed  values  where  totals  were  about  10 
inches,  but  only  69  percent  at  the  highest  elevations  where  the  total 
unshielded  catches  were  near  31  inches.  The  greater  percentage  of 
precipitation  occurring  as  snew  and  the  higher  wind  speed  at  the  higher 
elevation  contribute  to  the  resulting  smaller  percentage  of  actual  precipitation 
being  caught  by  the  unshielded  gage. 
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Water  balance  studios  and  runoff  models  require  reliable  input  data  if 
results  are  to  have  any  applicability  co  areas  outside  the  study  area.  In 
the  case  of  Reynolds  Creek  Watershed,  inadequate  precipitation  data  would 
make  it  impossible  co  develop  and  test  predictive  hydrologic  models.  The 
importance  of  realistic  precipitation  data  is  demonstrated  by  the  data  on 
watershed  orec inicat ion,  runoff,  and  evapotranspirat ion  presented  in  Table  1. 

The  evapotranspirat ion  estimates  in  this  table  are  obtained  by  use  of  the 
water  balance  equation  with  storage  changes  neglected. 

As  demonstrated  in  Table  1  for  4  watersheds  within  the  Reynolds  Creek  basin, 
the  unshield  prcc ipitat icn  gage  catches  (U)  are  completely  unrealistic. 

Use  of  these  values  would  indicate  an  evapotranspirat ion  lost  for  the  water 
year  of  only  13.63  inches  for  the  Tailgate  watershed  as  compared  to  an  estimated 
potential  evapotranspirat ion  of  29  inches.  In  comparison,  the  computed 
precipitation  value  for  the  watershed  is  C7  percent  of  the  potential 
evapotranspirat ion .  On  the  basis  c£  computed  precipitation  and  runoff  data, 
Tufal_  1,  essentially  no  water  yield  occurred  in  the  area  receiving  less 
than  15  inches  of  precipitation  for  the  water  year  or  for  elevations  less 
than  5200  feet. 

Refined  procedures  for  computed  actual  precipitation,  as  developed  under 
Research  Outline  Ida- Bo- 102 . 6 ,  will  be  ucilized  to  obtain  realistic  values 
of  prec ipitat ion  to  be  used  in  the  required  analyses  to  reach  the  objectives 
of  this  Outline. 

A  paper  jV  has  been  prepared  on  th<_  Reynolds  Creek  precipitation  gage  network. 

It  contains  information  on  the  dual  gqg£  procedures  and  on  tentative 
prec ipitat ion-elevat ion  relat ionsh ips . 


Hamon,  W.  R.  The  Reynolds  Creeks  Prec ipitat ion  Gage  Network  in 
Southwestern  Idaho.  Approved  by  Division  for  publication  in,  ARS 
Prec ipitat ion  Facilities  and  Related  Studies,  ARS  41-176  (Edited  by 
D.  M.  Hershf ield) . 
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CRI3  .".'ork  Unit  No.  SVv" C-011-f3o- 1 


Code  No.  Ida-Bo-102.  6 


Title: 


Evaluation  of  precipitation  gage  performance 


Location: 


Northwest  Watershed  Research  Center 
Boise,  Idaho 


Personnel: 


Date  of  Initiation: 


December  1964. 


Expected  Termination 
Date: 


Originally  Planned:  July  1,  1S69 
Recommended:  December  1971. 


Objectives: 

1.  To  determine  which  of  several  commercially  available  pre¬ 
cipitation-measuring  devices  most  accurately  measure  the 
actual  amount  of  precipitation. 

2.  To  develop  criteria  and  specifications  for  installing  precipita¬ 
tion  gages  to  provide  the  most  accurate  measurements  of 
precipitation. 

3.  To  develop  methods  and  procedures  for  adjusting  records 
from  precipitation  gages  with  ''standard"  installations  to  more 
accurately  reflect  the  point  precipitation. 

Need  for  Study: 

Man  has  always  been  interested  in  precipitation  because  of  his  depend¬ 
ence  upon  it  to  sustain  his  way  of  life.  First  efforts  to  systematically 
measure  rain  are  lost  in  antiquity,  but  they  probably  coincided  with  the 
early  development  of  the  art  of  making  clay  bowls  and  vessels.  Writ¬ 
ings  from  as  early  as  400  5.  D.  describe  containers  with  standard 
dimensions  being  used  to  collect  rainfall  for  forecasting  agricultural 
conditions. 

The  art  of  measuring  precipitation  has  changed  little  in  the  past 
2500  years.  Modern-day  gages  are  still  simple  containers  with  well- 
defined  dimensions  in  which  the  catch  is  measured  by  reference  to  a 
standard  volumetric  container,  use  of  a  dip  sticx,  or  by  weighing. 
Accepted  practice  is  to  place  ge.ges,  when  possible,  at  locations  that  are 


1  /  On  leave  without  pay  during  reporting  period. 


protected  from  the  direct  sweep  of  the  wind  and  are  no  closer  to 
building's,  trees,  fences,  etc.  them  three  times  the  height  of  these 
objects. 
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In  intensive  hydrologic  investigations,  it  is  important  to  Know  as  pre¬ 
cisely  as  .possible  the  input  of  precipitation  to  small  watersheds  or  study 
areas.  This  requires  two  things:  (1)  a  gage  networK  of  sufficient  den¬ 
sity  to  adequately  sample  the  aerial  variability  of  the  precipitation,  and 
(2)  devices  that  will  accuarely  measure  the  precipitation  at  a  point.  The 
first  of  these,  network  density,  can  be  determined  by  standard  statistical 
sampling  procedures.  For  the  second,  however,  it  is  questionable  whether 
or  not  modern-day  precipitation  gages  will  provide  accurate,  quantitative 
point  measurements.  To  resolve  this  question,  an  evaluation  of  the  per¬ 
formance  of  precipitation  gages  under  varying  conditions  of  topography, 
exposure,  and  wind  is  required.  It  is  only  after  such  an  evaluation  is 
made  that  da.ta  from  either  individual  gages  or  networks  can  be  used  with 
confidence. 

Design  of  Experiment  and  Procedures  to  be  Followed; 

Evidence  to  date  indicates  questionable  accuracy  of  precipitation  data 
from  gages  at  windy  exposures.  Experiments  have  demonstrated  gross 
inaccuracies  in  snow  catch  under  windy  environments.  In  this  study  an 
attempt  will  be  made  to  determine:  (1)  Whether  or  not  there  is  a  differ¬ 
ence  between  the  amount  of  precipitation  caught  in  the  various  gages  amd 
the  assumed  "true"  catch  of  a  pit  gage;  (2)  if  there  is  a  difference,  what 
fa.ctors  of  wind,  installation  technique,  topography,  orientation,  etc. 
cause  the  difference;  (3)  the  criteria  for  assessing  the  site  selection,  tyje 
of  gage,  and  installation  techniques  under  various  physiographic  conditions 
to  provide  more  accurate  measurement  of  the  amount  of  precipitation  that 
reaches  the  ground  surface;  and  (4)  procedures  and  techniques  based  on 
site  characteristics  to  correct  precipitation  records. 

Sites  will  be  selected  cn  the  Reynolds  Creek  Experimental  Watershed  that 
are  representative  of  the  major  topographic-elevation  complexes.  At  each 
of  these  study  sites  precipitation  measurements  will  be  made  by  using  an 
unshielded  gage  and  shielded  gage  with  orifices  at  the  same  height  and 
exposed  to  horizontal  wind  movement.  The  same  installation  will  be  made 
at  special  evaluation  sites  with  the  following  additional  installations:  (1) 
unshielded  gages  in  a  vertical  profile,  (2)  snow  pillows,  (3)  sunken  pre¬ 
cipitation  gage,  (4)  vectopluviometer,  and  (5)  anemometers. 

Data  obtained  from  profile  measurements  of  precipitation  and  wind  will 
be  used  to  compute  the  actual  vertical  flux  of  precipitation.  These  com¬ 
puted  values  for  windy,  snowy  conditions  and  data  from  snow  pillows  a.nd 
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a  vectopluviometer  will  be  used  to  calibrate  the  relative  catches  of 
shielded  and  unshielded  gages  to  obtain  estimates  of  actual  precipitation. 
These  generated  data  will  be  used  in  a  relationship  between  catch,  wind, 
and  temperature  for  correcting  the  catch  of  a  single  gage  to  account  for 
the  wind  effect. 

Experimental  Data  and  Observations: 

Data  collection  continued  at  the  precipitation  gage  evaluation  site  on 
Reynolds  Mountain  (176  X  14),  a.t  the  snow  pillow  site  (176  X  07)  about 
one-fourth  mile  to  the  east,  and  at  the  dual-precipite.tion  gage  site 
(166  X  94)  about  one-fourth  mile  to  the  north.  The  types  of  data  col¬ 
lected  at  the  3  sites  are  indicated  in  Table  1. 

The  tipping-bucket,  heated,  gages  were  added  to  the  experimental  site 
during  the  fall  of  1969,  but  little  useful  data  were  obtained  during  the 
snow  season  of  1969-70  becr.use  of  heater  blowout  or  failures. 
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TABLE  1. --Dp.tr.  collected  at  sites  on  Reynolds  Ivlcuntria.  for  evaluation 
of  precipitation  gage  performance.—^" 


Types  of  Data  and 
Height  of  Sensor,  Ft. 

2  / 

Sites— 

176  X  14 

176  X  07 

166  X  94 

U  (3  1/2) 

X 

U  (5) 

X 

U  (7) 

T  r 

U  (10) 

x  1. 

■XT* 

X 

U  (14) 

S  (5) 

t  r 

x 

S  (10) 

~  r 

Jl. 

X 

.7  (5) 

X 

•  7  (7) 

x  - 

x  a 

.'/  (10) 

x  r 

~r 

u,  (10) 

h 

3.  (10) 

h 

X  r 

s\ 

S? 

•\r 

SC 

XT 

1  /  Instrumentation:  U  is  recording  unshielded  gage;  S  is  recording 
shielded  gage;  U  is  tipping-bucHPt,  heated,  unshielded  gage; 

Gi  is  tipping-bucKet,  heated,  shielded  gage;  17  is  recording 
anemometer  with  wind  vane;  Sp  is  snow  pillow,  and  SC  is  snow- 
course. 

2/  Instrument  sites  can  be  found  in  Figure  1,  page  1-6.  (Also  see 
Footnote  1/  on  page  1-4.) 
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Comments,  Interpretations,  and  ruture  Plans: 

Sufficient  data.  will  have  been  obtained  at  the  close-  of  the  1970-71  snow 
season  to  complete  the  evaluation  of  precipitation  gage  performance 
and  to  establish  firm  values  for  the  coefficients  in  the  mathematical 


model  to  be  used  in  calculating  "actual" 

precipitation. 

This  model 

developed  in  the  1968 

Annual  Report,  is 

as  follows: 

s 

A 

-av7 

e 

(1) 

U  _ 
A 

-b-7 

o 

(2) 

U 

S 

-(b-a)v7 

e 

(3) 

loge  (|)  = 

B  log  (~) 

G 

(4) 

B  =  7 — — — 

o-a. 

(4a) 

IOSe  <§>. 

C  log  (i) 

G  .j 

(5) 

c  = 

o-a 

where  /.  is  the  computed  "actual"  precipitation;  U  is  the  unshielded 
gage  catch;  S  is  the  shielded  gage  catch,  a  end  b  are  coefficients,  and 
B  and  C  are  termed  calibration  coefficients. 

The  model  requires  data  from  the  shielded  and  unshielded  gages  with 
orifices  at  the  same  height  (high  enough  to  escape  blowing  snow)  and  a 
rigid  shield  (constrained  leaves  at  an  angle  of  3C  degrees  from  the  ver¬ 
tical)  on  the  shielded  gage. 

Profile  da.ta  on  precipitation  catch  and  profile  vvindspeed,  snow  pillow 
and  snow  course  data,  and  data,  from  the  unshielded  aaid  shielded  gages 
(10  feet)  at  the  3  sites  (Table  1)  have  been  used  to  establish  a  tentative 
value  of  the  calibration  coefficient,  B,  or 
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This  calibration  coefficient  will  be  more  accurately  established  when 
sufficient  date,  have  been  obtained  which  should  be  achieved  during  the 
snow  season  of  1970-71.  It  has,  however,  been  reasonably  established 
that  the  calibration  coefficient  is  not  a  function  cf  type  of  precipitation. 

With  am  established  value  of  the  calibration  coefficient,  B,  in  Equation  4, 
the  "actual"  precipitation  cam  be  computed  by  use  of  measured  precipi¬ 
tation  by  an  unshielded  and  shielded  gage.  (Equation  5  is  equally  applic¬ 
able  since  C  is  also  Known. ) 


Precipitation  data,  however,  are  universally  obtained  by  either  an  un¬ 
shielded  or  shielded  gage  except  for  the  dual  gage  network  that  was 
established  in  the  Reynolds  Creek  Experimental  Watershed  in  late  1963. 
The  earlier  data  in  the  watershed  and  data  elsewhere  need  to  be  ad¬ 
justed  for  more  adequate  estimates  of  actual  precipitation,  particularly 
where  snow  is  the  precipitation  type. 

Data  for  the  period,  November  1937  to  December  1970,  including  data 
on  v/indspeed,  temperature,  and  catches  by  unshielded  and  shielded  gages, 
have  been  analyzed  to  establish  procedures  for  adjusting  catches  by  either 
a  shielded  gage  or  unshielded  gage  of  the  type  used  in  the  study. 

Data  for  122  storms  in  excess  of  0.1  inch  were  grouped  according  to  the 
following  4  temperature  ranges: 


1.  t  >  3?  F. 

2.  32°  <  t  £  35°  F. 


3.  32°  s  t  >  23°  F. 

4.  9°  <  L  £  23°  F. 


with  plotting  made  of  values  for  U/3  and  fo^  wind  on  semilogarithmic 
paper,  according  to  Equation  3,  in  Figures-7 1  and  2,  Curves  drawn  through 
the  origin  and  mean  are  shown  in  the  figures  and  grouped  in  the  bottom 
graph  of  Figure  2.  From  these  curves,  the  value  of  the  coefficient, 
a,  was  established  for  each  temperature  range  as  shown  in  Table  2. 

With  a  reasonable  estimate  of  the  calibration  coefficient,  B,  Known 
(Equation  $)>  values  of  the  coefficient  b  are  established.  Equations. 

1  and  2  cam  now  be  used  to  compute  actual  precipitation,  given  measured 
precipitation  by  either  an  unshielded  or  a  shielded  gage  and  data  on  wind 
and  temperature.  It  is  significant  to  note  that  with  3  =  2.  0,  (b-n)  = 

1.0a,  and  the  ratio  U/S  is  replaceable  by  S/T  in  Figures  1  and  2. 


2/  Figures  follow  Page  4-8. 


_ 
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TA3LE  2. — Coefficients  to  correct  for  the  effect  of  wind  and  temper- 
ature  on  precipitation  caught  by  shielded  and  unshielded 
precipitation  gages. 


Coefficients 

For  B  = 

b  -  o  o 

b-a  “*° 

Temperature 

o  “7 

>  ^  • 

t  >  35° 

32°  <  t  ^  35° 

32°  s  t  >  23r 

t  5  23° 

a 

0.  070 

0.  017 

0.  030 

0.  053 

V 

0 

0.  014 

0.  034 

0.  060 

0.106 

Mote:  b  -  (1 

2.0  X  a) 

The  derived  coefficients  are  used  in  Equations  1  and  2  to  obtain  values 
of  the  ratios  of  shielded  and  unshielded  gage  catches  to  actual  precipita¬ 
tion  for  two  selected  windspeeds  and  the  results  noted  in  Table  3. 

The  research  task  remaining  is  to  establish  a  reliable  value  of  the 
calibration  coefficient  and  to  test  its  variability  with  different  types  of 
dual  gage  installations.  Further  tests  are  to  be  made  on  the  use  of 
heated  gages  to  eliminate  the  capping  and  riming  of  gages  that  invalidates 
the  use  of  the  collected  data  in  any  fashion. 
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TA3LZ  3.  - -Values  of  the  ratio  of  unshielded,  U,  and  shielded,  S, 
gage  catch  to  computed  "actual"  precipitation.  A,  for 
ranges  in  temperature  and  for  two  windspeeds. 


Ratio  and 

Windspeed_ Temperature,  °F. 


W  =  10  n.  p.  h. 

t  >  35° 

32°  <  t  £  35° 

32°  a  t  >  23* 

t  5  23° 

U/A 

0.87 

0.  71 

0.  55 

0.  35 

S/A 

0.93 

0.  84 

0.  74 

0.  59 

W  ■  30  m.  p.  h. 

U/A 

0.  66 

0.  36 

0.17 

0.  04 

S/A 

0.  81 

0.  60 

0.  41 

0.  20 

A  report- has  been  prepared  outlining  the  aspects  of  the  dual  gage  and 
profile  techniques  for  calculating  actual  precipitation. 


\  _ 

4f  Harnon,  W.R.  Dual  gage  and  profile  techniques  for  calculating 

actual  precipitation.  '.;/or:dng  Group  on  Measurement  of  Precipita.- 
tion.  Commission  for  Instruments  and  Methods  of  Observations, 
world  Meteorological  Organization,  Geoirrs,  Switzerland,  October  1970. 
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Figure  1.  Ratio  of  unshielded  (b)  to  shielded  (S)  gage  catches 
in  relation  to  wind  and  tenperature. 


s/n  s/n 


i 


Figure  2*  Ratio  of  unshielded  (U)  to  shielded  (S)  gage  catches 
in  relation  to  wind  and  tenperature* 
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CRI3  ./orK  Unit  No.  SWC-Oll-fBo-1 


Code  No.  Ida.-Bo-102.  7 


Title:  Evaluation  of  pressure  pillows,  r.nd  hydraulic 

weighing  and  catchment  devices  for  snow  and 
precipitation  measurements. 


Location: 

Northwest 

Idaho. 

.Watershed  Research 

Center,  Boise, 

Personnel: 

L.  M.  Cox  and  W.  R.  Hamcn; 

M.  W.  Nelson 

and  J.  A. 

vVilson,  SCS. 

Date  of  Initiation: 

September 

19S7 

Expected  Termina¬ 
tion:  Originally  planned,  .August  1959. 


Recommendation,  July  1971. 


Objective:  To  determine  accuracy  and  utilixy  of  steel 

diaphragms,  butyl  or  plastic  pressure  pillows, 
and  a  combination  hydraulic -weighing  and  catch¬ 
ment  device,  for  use  in  3C3  snow  surveys  and 
A  RS  hydrologic  research  studies. 

Need  for  Study: 


The  Soil  Conservation  Service  is  currently  using  many  types  of  pressure¬ 
sensing  devices  to  measure  snow-water  content.  Measurements  obtained 
by  12-foot-diameter  pressure  pillows  have  been  superior  to  those  ob¬ 
tained  by  snow -tube  sampling.  These  pillows  made  of  butyl  or  plastic, 
however,  are  subject  to  leaicage  and  physical  rupture.  The  initial 
cost  is  excessive. 


Field  tests  are  necessary  to  determine  the  accuracy  and  utility  of  new 
types  of  snow-water-measuring  devices.  Data  obtained  by  such  devices 
need  to  be  correlated  with  snow-tube  measurements  to  maxe  past  rec¬ 
ords  fully  useful  in  the  preparation  of  water  supply  forecasts. 

Besides  the  measurement  of  snow-water  content,  a  universal  device  is 
needed  that  will  also  measure  the  total  precipitation  and  snowmelt.  The 
availability  of  snow-water  content  and  total  precipitation  data  each  day 
is  essential  for  the  prediction  of  pe^k.  flows,  low  flows,  and  monthly 
increments  of  flow.  Data  obtained  by  such  devices  are  required  for 
hydrologic -water  balance  studies. 
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Design  of  Experiment  and  Procedure  to  be  followed: 


1.  Commercially  ovo.il able  12 -foot  diameter  butyl  or  neoprene  pillows 
will  be  used  os  standards  for  comparisons.  Steel  diaphragm 
pillows  will  be  constructed  to  SCS  standards.  A  universal  gage 
to  measure  snow-water  content,  total  precipitation,  auid  snowmelt 
will  be  an  PRS-designed  instrument.  Installations  will  be  as  noted 
in  Table  1  below: 


T13LZ  1.--  Snow  pillow  installations 


Locations 

Reynolds 

Mtn. 

Bogus 

Basin 

Atlanta 

Summit 

T  rinity 
Mtn. 

Elev.  in  feet  (m.  s.l. ) 

6,  300 

6,120 

7,  5C0 

7,  780 

Av.  Snow  depth  in  feet 
(Est.  ) 

6 

8 

10 

Butyl /plastic  pillow 
(12 -ft.  diameter) 

*1 ./ 

X-' 

X 

Steel  pillow 

(•-  ft.  by  5  ft. ) 

# 

•r 

Steel  pillow 

(b-b  ft.  by  5  ft.) 
(grouped) 

* 

* 

* 

Universal  gage 

(2 -ft.  diameter) 

& 

1/  New  installation. 
2/  Established. 


2.  Ell  instruments  will  be  calibrated  with  the  12-foot  pressure  pillow 
and  independent  calibrations  obtained  by  gravimetric  measurement 
of  snow-water  content.  Samples  will  be  obtained  by  snow  tube 
ana  by  other  feasible  methods. 
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Experirr.2r.trl  Dr.tr  and  Observations: 


Snowfall  for  the  1969-70  snow  season  was  quite  heavy  with  accumula¬ 
tions  at  the  higher  elevations  approaching  those  of  the  previous  year. 
Travel  to  the  Atlanta  Summit  and  Trinity  Mountain  sites  was  very 
difficult.  Some  snowmelt  data  were  collected  at  Trinity  Mountain  but 
hazardous  travel  conditions  prevented  regular  servicing  of  the  record¬ 
ing  equipment. 

The  Soil  Conservation  Service  is  in  the  process  of  installing  a  new 
telemetering  system  at  the  Trinity  Mountain  study  site.  This  new 
system  has  a  greater  range  plus  the  capability  of  handling  more  inputs 
from  different  sensors.  The  CCS  plans  to  install  new  equipment  to 
telemeter  the  water  equivalent  measurements  from  two  8  by  10-foot 
steel  pillov/s  and  the  universal  gage.  Once  the  system  is  working,  a 
transducer  will  be  added  to  telemeter  the  data  from  the  melt  collector 
of  the  universal  g age.  The  12 -foot  butyl  pillow  a.t  this  site  developed 
an  unrepairable  leak,  and  it  was  replaced  with  another  8  by  10-foot 
steel  pillow.  The  12 -foot  butyl  pillow  at  the  Bogus  5asin  site  has  also 
been  replaced  with  an  8  by  10-foot  steel  pillow. 

Correlation  coefficients  for  pressure-pillow  response  and  snow  -course 
measurement  are  given  in  Table  2.  At  both  the  Reynolds  Mountain 
and  Bogus  Basin  study  sites,  all  measurements  were  equally  corre¬ 
lated  for  the  total  snow  season.  In  the  past  it  was  found  (last  year's 
Annual  Report)  that  all  measurements  usually  correlate  very  well  dur¬ 
ing  the  'accumulation  period,  but  show  a  distinct  lower  correlation  dur¬ 
ing  the  melt  period.  The  12 -foot  butyl  pillow  performs  somewhat 
differently  during  the  melt  period  as  compared  to  the  universal  gage. 
This  difference  in  performance  appears  to  be  closely  related  to  the 
rate  of  snowmelt  with  low  snowmelt  rates  giving  good  correlations 
and  high  snowmelt  rates  reduced  correlations. 


The  longer  the  snowmelt  is  delayed  in  the  spring  by  cool,  cloudy 
weather,  the  greater  is  the  potential  for  higher  snowmelt  rates.  As 
the  spring  season  progresses,  more  energy  becom.es  potentially  avail¬ 
able  to  melt  the  snow  because  of  the  occurrence  of  higher  air  temper¬ 
atures  and  subsequently  greater  vapor  pressure  gradients  thus  increas¬ 
ing  convection  and  condensation  melt;  higher  sun  angles  for  greater 
radia.ticn  melt;  and  a.  greater  opportunity  for  the  advection  of  heat 
energy  from  bare  soil  surfaces  to  the  existing  snoupack.  The  per¬ 
formance  of  snow  pillows  .during  a  period  of  late  season  melt  is 
demonstrated  in  Figure  1.—  This  graph  shows  the  changes  in  water 
equivalent  of  the  snowpa.ck,  with  time  as  measured  with  a  12-foot  butyl 
snow  pillow  (top  curve)  and  a.  universal  gage  (middle  curve).  The 


1  /  Figure  1  follows  page  p.  5-6. 
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T.-'i^L-Z  2.  --Correlation  coefficients  for  pressure-pillow  response 
and  snow -course  rr eacurements. 


Units  Co  rr  el -ted 

Reynolds  I  -our.t.ain  and 

Bogus  Basin  Sites  Combined 

Univ.  Tag e  by  12 -foot  butyl 

.  95 

Snow  Course 

Measurement  by  12 -foot  butyl 

.  95 

Snow  Course 

Measurement  by  Univ.  Gage 

C  L 

•  V/  - 

snow  re  el  t  rote  as  collected  end  measured  with  a  universal  g  age  is 
shown  at  the  bottom  of  the  graph.  These  data  were  collected  at  the 
Bogus  Basin  dnow  research  site  with  about  51  inches  of  snow  and 
23.  C  inches  of  water  equivalent. 


The  changes  in  water  equivalent  of  the  snowpack  as  measured  by  the 
12 -foot  butyl  pillow  shows  (with  one  exception)  a  continuous  linear 
decrease  with  time  for  the  four-day  period.  This  exception  was 

brought  acout  by  a  rainstorm  that  occurred  at  1400  to  1300  on  May  19, 

1970.  No  rain  g^ge  is  located  at  the  site  so  no  estimate  of  the  total 
precipitation  during  this  time  period  was  possible.  The  pillow  meas¬ 
urement  shows  a  characteristics  increase  when  the  rain  first  fell  on 
the  snow  and  a  sharp  decrease  as  the  water  started  coming  out  of  the 

bottom  of  the  pack  as  indicated  by  the  melt  collected.  (/  furtner  dis¬ 

cussion  of  rain-on-snow  can  be  found  in  Research  Outline  Ida-Bo-100. 1). 
The  12-foot  butyl  pillow  measurement  does  not  show  the  decrease  in 
melt  per  day  as  indicated  by  the  daily  decrease  in  snowmelt  collected. 
Very  little  evidence  of  the  diurnal  melt  pattern  is  reflected  in  the 
12 -foot  butyl  pillow  measurement. 

The  water  equivalent  as  measured  with  the  universal  gage  does  demon¬ 
strate  three  distinct  slopes  for  the  water  equivalent  changes  during  the 
four-day  period.  Each  particular  slope  corresponds  to  a  specific  melt 
period  with  decreasing  slope  being  associated  with  decreasing  melt. 

The  water  equivalent  as  measured  with  the  universal  gage  follows  the 
diurnal  melt  cycle  much  better  than  it  follows  the  12 -foot  butyl  pillow. 
The  heavy  rainstorm  that  caused  the  disruption  in  the  12-foot  butyl 
pillow  measured  on  May  1G,  1370,  was  not  as  noticeable  in  the  univer¬ 
sal  gage  measurement. 


rteprorfuc^d  from 
best  Available  copy 
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From  1600  on  May  17,  1970,  to  0900  on  .May  20,  1970,  the  decrease 
in  water  equivalent  of  the  snowpacK  as  measured  with  the  universal 
gage  was  2.75  inches  as  compared  to  2.10  inehes  for  the  butyl  pillow. 
The  total  amount  of  water  collected  from  the  bottom  of  the  snowpacK 
was  4.  LG  inches  during  this  same  period.  This  would  indicate  that 
at  least  (-1.80  -2.75  =  2.15)  2.15  inches  of  water  leaving  the  snowpacK 
came  from  the  rainstorms  and  condensate.  Boise  valley  air  temper¬ 
ature  ranged  from  a  low  of  45:F.  to  a  high  of  u.3s  7.  during  the 
period.  L'p  to  0.50  inch  of  rain  was  recorded  in  the  valley,  but 
heavier  storms  are  usually  the-  rule  for  this  research  area  which  is 
about  4400  feet  higher  in  elevation.  Measurements  of  precipitation, 
air  temperature  and  relative  humidity  are  very  urgently  needed  at  this 
site  for  a  more  complete  evaluation  of  the  snowmelt  process. 

Comments,  Interpretations,  and  Future  Plans: 

The  feasibility  of  maintaining  Atlanta  Summit  and  Trimly  Mountain 
as  research  sites  was  recently  questioned  because  of  the  increased 
travel  time  required  to  service  those  sites.  Further  discussion 
revealed  that  these  are  the  only  deep  snow  sites  (2-10  feet)  we  tmve 
ar.u  that  Trinity  Mountain  is  ~lso  one  of  the  most  important  snow  cours 
measurement  sites.  Data  from  this  site  are  used  to  predict  stream- 
fow  into  the  Boise  River  irrigation  and  flood  control  complex.  Be¬ 
cause  of  its  grc-"’t  importance  for  streamflow  forecasting,  the  decision 
was  made  to  maintain  the  Trinity  Mountain  site. 

f/ith  the  installation  of  the  new  bFD  telemetering  system,  the  potential 
for  better  cata  collection  from  this  site  will  be  greatly  increased.  Thi 
new  system  will  make  it  possible  to  telemeter  ail  types  of  meteorol¬ 
ogical  data  from  both  Trinity  Mountain  and  Atlanta  Summit.  Measure¬ 
ments  of  air  temperature,  relative  humidity,  windspeed,  soil  temper¬ 
ature,  snow  temperature  and  radiation  will  be  made  as  soon  as  econ¬ 
omically  possible. 

The  12-fcot  butyl  pillows  are  being  gradually  phased  out.  On  the 
average,  the  life  of  these  pillows  is  only  about  five  years.  They  are 
being  replaced  by  the  cheaper  and  more  versatile  S  by  10-foot  steel 
pillows. 

The  difference  in  the  slopes  of  the  water  equivalent  measurement 
(Figure  1)  as  made  by  the  universal  gage  and  the  12 -foot  butyl  pillow 
clearly  demonstrate  why  the  two  units  have  a  lower  correlation  dur¬ 
ing  the  melt  period.  Burin.;  long  periods  of  high  melt,  water  tern  - 
porarily  mounds  on  the  surface  of  the  12 -foot  butyl  pillows,  thus  giv¬ 
ing  a  false  impression  as  to  tne  time  melt  rate.  In  an  old  ripe 
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snowpack,  the  universal  gage  dees  not  exhibit  this  effect,  because 
as  water  is  added  to  the  snow  by  rain  or  melting,  it  runs  out  through 
the  collector  at  the  bottom.  Very  little  water  is  held  in  the  old  snow 
to  temporarily  increase  the  water  equivalent  measurement.  New, 
cold,  low  density  snow  would  act  to  the  contrary  and  under  certain 
conditions,  much  of  the  rain  added  to  the  snowpack  may  not  run  out 
the  bottom.  (Gee  Research  Dutline  Ida-Bo-100. 1. ) 

Downstream  runoff  predicted  from  water  equivalent  measurements  from 
a  12 -foot  butyl  pillow  would  obviously  be  in  error  during  periods  of 
high  continuous  melt.  Many  forecasters  in  the  7/estern  United  States 
are  currently  using  telemetered  water  equivalent  data  from  12 -foot 
butyl  pillows.  The  true  measure  of  what  is  happening  is  indicated  by 
the  melt  collected  from  the  bottom  of  the  snowpack.  This  method  also 
gives  additional  information  on  condensation  water  raid  rainwater. 

This  study  has  brought  further  questions  to  mind  concerning  the  pro¬ 
cedures  "to.  collect  snowmelt.  This  research  outline  will  be  termia 
nated  following  the  1970-71  snow  season.  A  new  outline  will  be  ini¬ 
tiated  and  will  involve  a  a  study  concerning  what  size  of  melt  coi- 
lectec:  is  required  for  accurate  measurements  of  snowmelt.  Also 
more-  study  is  needed  cn  the  rate  at  which  melt  water  can  be  removed 
from  a  snow  pack  and  still  maintain  a  representative  sample  of  current 
melt  conditions.  Under  high  melt  conditions,  if  the  water  is  removed 
too  fast,  then  a  greater  area,  may  be  drained  than  the  area  of  the 
collector. 
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CRIB  //otic  Unit  No.  SWC-011-fBo-l 


Code  No.  Ida-Bo-104.1 


Title: 


Resistance  coefficients  for  steep-rough  channels. 


Location: 


Northwest  .Watershed  Research  Center, 
Boise,  Idaho. 


Personnel: 


C.  vV.  Johnson,  and  W.  R.  I-Jamon, 

B.  E.  Overton  (USB.A  Hydrograph  Laboratory);  and 
Dr.  H.  Z.  Judd  (cooperating  through  Utah  State 
University) 


Date  of  Initiation:  March  1967 


Expected  Termina¬ 


tion  Date:  Originally  Planned:  December  1970 

Recommended  Termination:  July  197.1 


Objectives: 

1.  To  test  the  applicability  of  classical  llow  resistance  equations 
to  How  data  from  natural  channels  in  the  Reynolds  CreeK  Ex¬ 
perimental  Watershed. 

2.  To  characterize  channel  geometry  and  bed  roughness 
elements  for  use  in  investigating  resistance  coefficients. 

9.  To  determine  the  relationship  of  the  friction  factor  or 
roughness  coefficient  to  channel  characteristics. 

Need  for  Study: 

The  prediction  of  the  resistance  to  How  of  natural  streams  is  vital  to 
the  ultimate  goals  of  mathematical  simulation  of  the  hydrologic  per¬ 
formance  of  upland  watersheds.  The  successful  routing  of  runoff 
through  a  complex  watershed  stream-system  is  directly  dependent  upon 
an  adequate  prediction  of  channel  resistance.  Field  research  is  needed 
tc  develop  quantitative  procedures  for  the  representation  of  resistance 
coefficients;  i.  e. ,  friction  factors  or  roughness  coefficients  from  easily- 
obtained  field  data  on  channel  dimensions,  and  on  size  and  spacing  of 
roughness  elements.  Field  engineers  need  an  objective  procedure  for 
predicting  depth  of  How  associated  with  the  design  discharge  in  the 
design  of  water-conveyance  channels  and  streambani:  protection  works. 
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Design  of  Experiment  and  Procedure  to  be  Followed: 

Cooperation  of  the  USDA  Hydrograph  Laboratory,  Utah  State  University, 
and  the  Northwest  Watershed  Research  Center  is  continuing  until  analysis 
of  available  data  from  laboratory  flumes  and  natural  channels  is  com¬ 
plete.  A  thorough  understanding  of  flow  resistance  in  laboratory  flumes 
is  a  necessary  prerequisite  to  analysis  of  roughness  in  natural  channels. 
A  study  of  the  effect  of  laboratory  channel  roughness  parameters  on 
flow  resistance  is  progressing  through  the  use  of  computers  and  results 
should  be  helpful  in  analyzing  the  mere  complex  problem  of  roughness 
measurement  in  natural  channels. 

Data  on  channel  geometry,  stream  discharge,  size  and  spacing  of  rough¬ 
ness  elements  and  slope  of  the  water  surface  or  channel  are  used  to 
determine  channel  resistance.  The  Chezy  equation 

Q  =  C  A  J R*  3 
and  Darcy-'vv  eisbach  equation 

Q  =  A  \/s  g  R  S 
f 

are  used  to  determine  resistance  or  roughness  coefficients  C  and  f,  , 
where  C  is  discharge.  A'  is  cross-sectional  area  of  the  channel,  R 
is  the  hydraulic  radius  (both  A'  and  R  denote  inclusion  of  a  roughness 
parameter),  S  is  the  energy  slope  (bedslope  for  uniform  flow),  and  g 
is  the  acceleration  of  gravity. 

Channel  reaches  on  Reynolds  CreeK  Experimental  Watershed  streams 
are  instrumented  to  provide  data  from  natural  streams  and  existing 
structures  are  utilized  where  possible. 

Experimental  Data  and  Observations: 

Analysis  of  a  great  bulK  of  data  from  laboratory  flumes  and  natural 
channels  was  completed  during  the  repoi’ting  year  and  no  additional 
field  data  were  collected.  The  determination  of  relationships  between 
the  resistance  coefficient  and  parameters  such  as  effective  depth,  rough¬ 
ness  intensity,  channel  width  and  mean  size  of  bed  material  was  not 
equally  applicable  to  laboratory  flume  studies  mid  natural  stream  chan¬ 
nels  with  large  bed  elements. 
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Comments,  Interpretations,  end  Future  Plans: 

A  procedure  was  developed  for  locating  the  plane  of  zero  velocity  near 
the  channel  bottom  of  laboratory  flumes  ?.nd  natural  streams  with  lar^e 
bed  elements.  Also,  an  equivalent  spacing  for  randomly-spe.ced  bed 
elements  was  developed  by  use  of  regularly-spaced  patterns  of  hemis¬ 
pherical  bed  elements  in  a  laboratory  flume.  The  random  bed  elements 
produced  greater  roughness  coefficients  than  regular  patterns  of  equal 
roughness  intensity  and  increased  the  energy  losses  from  34-61  percent 
of  th-.t  from  regular  patterns  tested.  Further,  a  study  of  wall  effect 
in  laboratory  flumes  of  various  widths  showed  that  narrow  channels 
produce  greater  resistance  to  flow  than  wide  channels  of  equal  rough¬ 
ness  intensity  and  cross-sectional  area.  Thus,  a  greater  understand¬ 
ing  of  the  influence  of  random  bed  elements  on  flow  resistance  in 
natural  channels  has  teen  achieved. 

A  draft  of  a  report,  "Constant  Resistance  Coefficients  for  Large  Bed 
Stream  Elements,  "  is  in  the  process  of  review  for  publication.  Termi¬ 
nation  of  this  outline  will  follow  approval  of  the  report  for  publication. 

!  Further  worK  will  require  a  new  outline  and  objectives. 

i 

\ 

i  vvoric  covering  the  initial  investigations  under  this  outline  has  been 

presented  (ASAJJ  National  Water  Resources  Engineering  Meeting,  Mem¬ 
phis,  Tenn.  ,  January  26-30,  1970)  and  an  approved  manuscript  is  pend¬ 
ing  publication. 

Manuscripts: 

Prepared  for  Review: 

Cverton,  D.  E.  ,  Judd,  Earl  E.  ,  and  Johnson,  C.v7.  Constant 
resistance  coefficients  for  large  bed  element  streams.  Proposed 
for  publication  through  the  Utah  Water  Research  Laboratory, 

Logan,  Utah.  (1971. ) 

Pending  Publication: 

Cverton,  D.  E. ,  and  Harnon,  V/.R.  A  new  resistance  standard  for 
rigid  open  channels.  Under  revision  to  meet  acceptance  for  pub¬ 
lication  in  ASCE,  Jour,  of  the  Hydraulics  division.  (1971.) 
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CRIS  Won;  Unit  No.  :  SWC-011-fEo-l  Code  No.  Ida-Bo-105. 4 


Title: 


Location: 


Evaluation  of  cover  production,  herbage  yield, 
and  soil  conditions  for  differen'  levels  of  man¬ 
agement. 


Northwest  V/atershed  Research  Center,  Boise, 
Idaho. 


Cooperation: 


Personnel: 


The  Bureau  of  Land  Management  will  provide 
partial  funds  and  furnish  public  lands  on  which 
to  conduct  most  of  the  investigations.  The 
Soil  Conservation  Service  will  assist  in  obtain¬ 
ing  soils  data  and  cooperate  on  other  aspects 
of  the  study  relative  to  their  mission. 

G.A.  Schurna.Ker  and  J.  F.  Zuzel. 


Date  of  Initiation:  February  1971 

Expected.  Termina¬ 
tion  Date:  Field  won::  December  1974 


Objectives: 


Interpretations  and  Summary:  December  1975. 


1.  To  determine  the  effect  of  grazing  management  and  treatments  on 
yield  of  herbage,  cover  production,  soil  moisture  regimes,  and 
soil  surface  conditions  at  selected  sites. 

2.  To  study  changes  in  plant  density  and  plant  composition  as  a 
result  of  grazing  management  and  treatments. 


Need  for  Study,  and  Literature  rteview: 

Quantitative  data  on  herbage  yield  from  rangelands  under  different 
levels  of  management  are  needed  to  guide  managers  of  public  lands 
in  optimizing  multiple  use  of  the  range.  Such  data  are  of  equal  im¬ 
portance  to  the  Soil  Conservation  Service,  other  public  bodies,  and 
landowners.  These  needs  require  more  discerning  information  on  how 
vegeta.tion  and  soils  respond  to  imposed  treatments,  including  con¬ 
trolled  grazing.  'Grassland  management  and  production  factors  are 
intimately  related  to  other  facets  of  the  Reynolds  Creeic  Experimental 
Watershed  research  program;  particularly  water  use,  runoff,  and  sedi¬ 
ment  production.  Information  is  ajso  needed  with  regard  to  methods 
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of  increasing  cover  and  to  the  rate  of  recovery  of  native  range 
following  intensive  grazing  practices.  This  information  is  needed 
to  gain  insights  on  the  total  range  utilization  process;  that  is,  ,a 
stable  cover  that  gives  optimum  grass  production  in  relation  to 
water  yield  with  a  minimum  of  sediment  loss. 

The  90- square-mile  Reynolds  Green  Experimental  Watershed,  rang¬ 
ing  in  elevation  from  3600  to  7000  feet,  m.s.l. ,  offers  a  variety 
of  soils  and  climatic  zones  for  study.  Vegetative  cover  is  exceed¬ 
ingly  variable  in  the  Watershed  with  cover-area  percentages  as 
follows: 


Percent  Cover 


Percent  of  Area 


0-25 

26-50 

51-75 

76-100 


64 

10 

12 

14 


Moderate  sediment  yields  occur  from  these  sparsely  vegetated  areas. 
Such  sites  offer  an  opportunity  for  optimizing  sediment  reduction 
through  management  control.  In  the  more  densely  vegetated  areas, 
in  the  higher  precipitation  zones,  herbage  yields  can  be  optimized 
while  controlling  erosion. 

The  need  to  learn  more  about  vegetation  influences  on  watersheds 
and  to  develop ^\yatershed-oriented  management  has  been  pointed  out 
by  Bunford  (i).—  Cover  and  cover  management  play  an  important 
role  in  watershed  hydrology  and  the  effects  of  cover  have  been  inves¬ 
tigated  by  various  research  workers. 

The  effects  of  grazing  and  subsequent  cover  on  the  hydrology  of 
salt-desert  type  rangeland  was  studied  by  Lusby  (3)  at  the  Badger 
Wash  near  Grmd  Junction,  Colorado.  Cover  measurements  taken 
ten  yea.x  s  apart  showed  an  increase  in  bare  soil  and  exposed  rock 
and  a  decrease  in  ground  cover  where  grazing  continued  during  the 
study  period.  Differences  in  runoff  between  the  grazed  and  ungrazed 
treatments  were  related  directly  to  percentage  of  bare  soil  on  the 
watersheds  under  study.  The  greatest  improvement  occurred  within 
the  first  three  years  after  cattle  had  been  excluded. 

The  results  of  Meeuwig  (4)  obtained  from  rainfall  infiltrometer  data 
emphasize  the  importance  of  vegetation  and  cover  in  maintaining  in- 
filtratiory  capacity  and  soil  stability  on  high  elevation  herbla.nd  on  the 
Wasatch  Pront  in  northern  Utah.  Cther  work  reported  by  Mee  uW;£T{*5) 
shows  that  certain  soil  properties  can  be  used  as  predictors  of 

1/  Numerals  in  parentheses  refer  to  corresponding  items  in  the 
Literature  Cited  on  p.  7-10. 


/ 


7-3 


infiltration  although  infiltration  was  not  highly  correlated  with  any 
one  soil  properly.  He  was  able  to  identify  those  site  factors  which 
are  important  in  precipitation  detention  and  soil  credibility.  In  ad¬ 
dition,  a  study  by  Dunin  (2)  shows  a  greater  infiltration  and  higher 
moisture  storage  from  the  more  productive  catchments  near  Bacchas 
Marsh,  Victoria. 

Studies  concerning  rangeland  vegetation  in  the  Reynolds  Creek  Experi¬ 
mental  .Vatershed  are  essential  to  determine  the  effects  of  vegetation 
upon  the  hydrologic  performance  of  watersheds.  Meet  of  these  studies 
are  to  be  made  on  watersheds  where  data  will  also  be  collected  on 
infiltration  rates,  runoff  and  sediment  yield.  The  watersheds  sample 
the  range  of  climate,  geology,  and  soil  on  the  90-square-mile  water¬ 
shed.  The  watersheds  range  in  size  from  30-500  acres.  Small  to¬ 
talizing  watersheds  in  operation  include  the  Northeast  Summit,  Sheep 
Creel:,  Reynolds  Mountain,  and  Nancy  Gulch. 

Design  of  Experiment  and  Procedure- to  Be  Followed: 


V  ariables: 


A.  Variables  under  Investigation 

1.  Ecological  Zones 

Species  composition  and  cover 

b.  Elevation 

c.  Precipitation 

d.  Physical  characteristics  of  site 

(1)  Soil  type 

(2)  Slope 

(3)  Depth  of  topsoil  or  erosion 

2.  Seasonal  Rainfall 
2.  Cover  Management 

Soil  Moisture 
5.  Snow  Cover 

B.  V ariables  not  under  Investigation 

1.  Plant  Disease 
Treatments: 

Poor  cover  sites 

1.  Exclosure  of  one  acre  or  more 

2.  Crazed 


A. 
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B.  Good  cover  sites 

1.  Zxclosure  of  one  ■'.ere  cr  more  with  three  types  of 
brush  treatment 

r.„  Brush  removed 

o.  Brush  burned 

c.  Brush  remaining 

2.  Grazed 

Development  of  Experimented  Cites 

A.  Site  Selection 

1.  Six  to  eight  study  sites  will  be  selected  on  shallow  soils 
where  poor  cover  exists.  Sites  selected  will  be  of  vary¬ 
ing  soil  types  and  within  varying  rainfall  zones;  therefore, 
sites  will  be  different  ecologically. 

2.  Two  sites  will  be  selected  on  moderately  deep  soils  where 
a'  good  grass  cover  exists. 

C.  Two  sites  will  be  selected  on  deep  soils  where  a  dense 
cover  of  sagebrush  exists  in  the  higher  precipitation  and 
snow  accumulation  zones. 

B.  Installation  of  Exclosures 

At  each  study  site  an  area  of  one  "'.ere  or  more  will  be  fenced 
for  the  purpose  of  excluding  grazing  animals.  An  adjacent 
study  area  will  be  selected  which  will  be  comparable  to  the 
enclosure  with  respect  to  soil,  slope,  'spect,  and  cover.  This 
latter  site  will  be  heavily  grazed  to  maintain  a  poor  cover  site. 

C.  Inst  •'ll -'.tion  of  Soil  IVIoisture  Cites 

Coil  moisture  access  tuces  will  be  installed  at  study  sites  for 
monitoring  soil  moisture  and  to  determine  infiltration  rates  by 
use  of  a  rainfall  simulator. 

D.  Vegetative  Site  Installations 

2 

1.  At  each  site  open  to  grazing  six  areas  of  12  ft.  will  be 
protected  from  grazing  with  cages.  Now  sites  will  be 
established  before  each  grazing  season. 


♦ 
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2.  v/ithin  each  treotment  at  each  site  two  nine  ft.  areas 
will  be  mp.rKed  for  noting  changes  in  species  composition 
end  cover. 

Description  of  Range  Condition  of  Cites 


Before  grazing  treatments  are  imposed  on  study  sites,  inventory 
data  v/ill  be  collected  relative  to  erosion  condition,  ground  cover, 
etc. 

Data  Collection  Procedures 


A.  Dry  matter  Production 

1.  Dry  matter  production  v/ill  be  measured  twice  each 
season.  Clipping  will  be  undertaken  when  early  season 
grasses  have  headed  and  again  after  late  season  grasses 
have  produced  heads. 

2.  All  annuals  will  be  removed,  dried  and  weighed.  That 
portion  of  perennials  which  represents  annual  growth  will 
be  removed  by  clipping  and  weighed. 

3.  Production  will  be  determined  on  individual  species  when 
feasible. 

2.  Coecies  Composition  Sites 

1.  Plane  species  and  size  of  grass  clumps  will  be  measured 
twice  each  season  on  the  permanent  reference  sites  denoted 
for  measuring  species  composition. 

2.  Dach  reference  site  will  be  photographed  at  the  time  of 
data  collection  in  order  to  more  carefully  observe  changes 
over  the  period  of  study. 

C.  Soil  ‘moisture  will  be  measured  at  weekly  intervals  during  the 

growing  season.  Additional  determinations  will  be  made  follow¬ 
ing  sizeable  storms. 

Data  to  be  Obtained 

1.  Yield  of  dry  matter, 

2.  Periodic  inventory  of  plant  species  and  cover. 
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3.  Goil  moisture  content. 

-1.  . /"atershed  inventory  of  physic?!  characteristics  for  e?ch 

study  site  as  developed  under  BLM  guidelines;  both  ?t 
initiation  and  conclusion  of  study. 

Experiment''!  Bata  and  Observations: 

Six  shallow  soil  sites  were  developed  during  the  1970  season. 

Fencing  the  enclosures  was  completed  at  each  of  these  sne!low  -soil 
study  sites  with  the  exception  of  Upper  Sheep  Creel:  and  the  Nettleton 
private  holding.  All  instrument  sites  have  been  selected  md  marxed. 
Installation  of  soil  moisture  access  tubes  was  started  in  1S70  and  was 
more  than  30  percent  completed.  Instrumentation  for  soil  moisture 
at  the  shallow  soil  site  on  Upper  Cheep  Creex  and  the  Nettleton  pri¬ 
vate  holding  was  incompleted.  About  one-half  of  the  Nancy  Culch  soil 
moisture  sites  was  completed. 

A  deep  soil  site  was  selected  on  Reynolds  Mountain  at  the  7000  feet 
elevation  in  addition  to  the  north  slope,  deep  soil  Upper  Sheep  Creex 
site  where  much  of  the  exploratory  v/orx  prior  to  preparation  of  the 
research  outline  was  conducted.  As  outlined  under  procedures  for 
conducting  this  research,  the  deep  soil  sites  will  receive  two  types 
of  brush  treatment  along  with  the  exclusion  of  grazing  animals.  Brush 
removal  was  completed  at  the  Reynolds  Mountain  site  and  the  other 
hrush  treatment  will  be  imposed  before  growth  begins  in  1971. 

Additions!  soil  moisture  access  tubes  were  installed  at  the  Upper 
Sheep  Creei:  site.  These  sites  will  permit  soil  moisture  measure¬ 
ment  to  a  depth  of  six  feet.  Permanent  reference  sites  were  also 
marxed  for  the  measurement  of  changes  in  species  composition  under 
the  different  treatments. 

Current  data  consist  of  that  from  exploratory  woric.  The  effects  of 
the  treatments  initiated  in  1G6C  on  the  'Upper  Sheep  Creex  study  area 
were  very  much  in  evidence  during  the  1970  season.  Cn  treatments 
where  sagebrush  had  been  removed  ~nd  where  the  sagebrush  had  been 
sprayed,  the  native  grasses  displayed  vigor  and  were  becoming  estab¬ 
lished  where  brush  cover  had  previously  been  in  existence.  Grass  on 
the  ungrazed  treatment  where  sagebrush  remained  also  displayed  some 
vigor  owing  to  the  absence  of  grazing  animals.  rlerbage  yields 
tauten  in  August  show  the  production  from  the  four  different  treatments, 
Table  1. 


TABLE  1.--  List  of  species  clipped  from  Ur>rar  Slices  Creek,  Auuust  1971,  and  weight  of  dry  manor  removed 
from  each  CiCatn^n*- 
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Data  were  collected  from  the  perm  client  reference  sites  within 
each  of  the  treatments.  Plant  species  were  identified  end  the  basal 
cover  of  the  grasses  was  measured.  "where  shrubs  were  present, 
measurements  of  aerial  c  over  were  cl  so  m~de.  Cther  sirniler 
measurements  heve  been  tcKen  from  these  sites  annually  during  the 
study  period,  the  progressive  change  in  species  composition  and 
basal  crec  ccn  be  observed. 

Soil  moisture  meesurements  were  t  men  periodically  with  the  neutron 
probe  from  the  different  regimes  of  m-nngement  during  the  growing 
secson,  1  cole  s. 

The  cspect  of  slope  -ct  the  Upper  Cheep  Creek  study  site  is  an  im- 
pertent  factor  in  snow  accumul'ition,  "Iso  the  type  of  cover  can  affect 
the  depth  of  snow  "ccumul"tion.  Cnow  depth  measurements  were 
taken  early  in  1970  't  random,  points  on  each  of  the  trliee  treatments, 
Tcole  3. 

Comments,  Interpretations  ".nd  Future  Pl~ns: 

Comments  a nd  Interpretations 

The  excellent  herbage  yields  obtained  from  either  of  the 
brush  treatments  indicates  that  native  range  grasses  have  an 
ability  to  establish  themselves  once  S"ge  competition  h-.s  been 
removed. 

Current  soil  moisture  measurements  taken  to  a  depth  of  three 
feet  indicate  a  slightly  greater  depletion  of  store  moisture  for 
the  depth  of  soil  from  the  brush  removed  site.  Further  studies 
will  indicate  whether  this  trend  continues. 

3r.cv/  depth,  measurements  indicate  that  less  snow  accumulated 
where  sagebrush  had  been  removed.  It  is  very  doubtful  that 
any  oifferer.ces  were  great  enough  to  "Iter  the  water  balance  on 
the  brush  removed  treatment. 

3.  Future  x-lans 

The  development  of  other  study  sites  in  1370  reached  a  stage 
where  data  collection  cm  be  initiated  during  the  growing  season 
of  1971. 
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TA3LE  2. --Soil  moisture  n-:a;ur:^.er.t:  within  exclosure  at  Honor  Sheen 
Creek  daring  197  0  tzrcT.'ir—  seasons. 

A.  Treatment  Within  Exclosura 


O 


I. 

Brush 

Removed 

Do  to 

*-23 

5-1 

5-5 

5-15 

5-18 

6-13 

*7-22 

0-5 

3-19 

D_?th 

Lleasured 

1 

3.  G 

3.4 

4 .  C 

4.3 

4.  3 

1.5 

2.4 

1.  8 

1.8 

2 

5.  3 

2.9 

3.  5 

4.  3 

4.  1 

1.7 

3.  1 

2.0 

1.3 

3 

7.1 

7.0 

3 .  C 

4.  1 

4.2 

1.5 

3. 1 

2.2 

2.0 

2. 

Brush 

Strayed 

Dr.  ii  - 

*  -23 

5-  i 

5-5 

5-  13 

5-13 

5-15 

7-22 

u  -  3 

3-19 

n  -U 

I  Insured 

i 

■5.3 

5.0 

5.  2 

4 .  > 

4.  G 

2.0 

3.  3 

1.  9 

2.9 

2 

5.  3 

* .  7 

5. 5 

5.2 

5.  2 

2.  2 

4.  3 

2.  3 

3.  i 

3 

0.  o 

4.9 

/. 

*.  .  O 

4.  5 

2.0 

4.7 

3.6 

2.3 

7.3 

3.  5 

3. 

:io 

Treatment 

Dace 

5-1 

5-6 

5-15 

5- 

1C  5-16 

7-22 

C-  5 

r.  - 1 9 

Depth 

Ucasurcd 


i 

4.8 

4.9 

4.9 

4.3 

2.  0 

3.2 

2.2 

3.  1 

0 

4.  5 

4.  1 

5.  1 

4.  u 

2.0 

3.  9 

3.  1 

2.3 

3 

3.3 

4.0 

1.5 

3.  5 

2.  9 

2.0 

4 
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TA  3L  E  3  -  -/.vs  rage  depth  of  snow  on  April  16,  1970,  at  Upper 
Cheap  CreeK  exclosure. 


T  reatment 

Position  on  Slope 

Brush  Removed 

Crush  Sprayed  I’c  Treatment 

Near  Great 

8.  0 

11.  0 

11.2 

Mid  slope 

3.  4 

1C.  4 

1C.  8 

Near  Ease 

S.  4 

11.  0 

10.  0 

Average 

7.  S 

10.  8 

10.  7 
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CRTS  Work  Unit:  No.  SWC-011- fBo- 1 


Code  No.  I da-8o-l 05 . 5 


Title: 


Field  testing  and  evaluating  mathematical  models  of 
a  two-dimensional,  infiltration  flow  system  resulting 
from  snowmelt. 


Location: 


Northwest  Watershed  Research  Cencer,  Boise,  Idaho. 


Personnel: 


D.  L.  Schreiber,  G.  R.  Stephenson,  C.  W.  Johnson 
L.  M.  Cox,  G.  A.  Schumaker;  R.  W.  Jcppson  (Utah 
State  University). 


Date  of  Initiation:  July  1970 


Expected  Termination 

Date: 


Originally  planned  -  December  1972 
Recommendation  -  December  1972 


Ob  jectives : 

1.  To  field  test  a  numerical  steady-state  two-dimens icnal  flow  model  and  to 
develop  and  verify  a  transient  model  by  use  of  data  from  a  highly 
instrumented  watershed  slope. 

2.  To  use  the  verified  mathematical  models  and  a  sensitivity  analysis  to 
determine  the  influence  of  the  various  parameters  (saturated  conductivity, 
capillary  pressure,  bubbling  pressure,  and  soil  property  coefficients)  on 
the  resulting  flow  patterns. 

3.  To  use  the  verified  mathematical  models  to  obtain  solutions  for  other 
slopes  on  the  Reynolds  Creek  Experimental  Watershed. 

Need  for  Study: 

In  recent  years  intensive  studies  of  the  various  subsystems  of  the  hydrologic 
cycle  have  been  conducted.  Research  has  been  designed  to  establish  mathe¬ 
matical  descriptions  of  the  physical  flow  processes  within  each  subsystem. 

The  ultimate  goal  is  a  physically  based,  digitally  simulated,  hydrologic 
response  model  to  describe  the  entire  hydrologic  cycle  over  any  watershed. 

Any  comprehensive  study  of  watershed  precipitation-runoff  relationships  must 
not  neglect  the  flow  system  that  occurs  in  the  soil  mantle.  Input  to  such  a 
flow  system  is  generally  provided  by  infiltration  of  snowmelt  or  rainfall 
through  the  soil  surface.  Recent  studies  have  demonstrated  that  the 
infiltration  characteristics  of  the  soils  and  the  partially  saturated  flew 
system  in  the  soil  mantle  arc  the  result  of  several  interacting  fundamental 
soil  properties.  The  occurrence  and  magnitude  of  overland  flow,  quantities 
of  interflow  and  baseflow,  and  recharge  to  the  groundwater  aquifer  are  all 
dependent  upon  the  soil  properties.  If  soil  mantle  flow  systems  can  be 
described  adequately,  progress  towards  the  goal  cf  simulating  the  hydrologic 
cycle  will  be  achieved. 
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This  study  should  provide  an  important  link  for  any  comprehensive  runoff 
prediction  model  that  includes  snowmelt  on  a  watershed.  Snowmelt  is  an 
imnortant  contributor  to  spring  and  early  summer  runoff  from  many  watersheds 
in  the  Northwestern  United  States.  Ultimately,  this  study  will  be  used  to 
develop  more  accurate  methodology  for  predicting  surface  and  subsurface  flow 
from  a  watershed.  Information  concerning  the  flow  system  resulting  from 
snowmelt  infiltration  is  essential  if  Northwestern  lands  ere  to  be  managed 
for  optimum  multiple  use. 

Design  of  Experiment  end  Procedure  to  be  Followed: 

Steady-state  mathematical  solutions  for  a  two-dimensional  flow  system 
resulting  from  infiltration  on  a  watershed  slope  were  analyzed  initially  in  a 
1969  exploratory  study  and  in  project  report  PRWG-59c-l,  i:Nunerical  Solution 
of  the  Steady-State  Two -Dimensional  Flow  System  Kesulting  from  Infiltration 
on  a  Watershed, ■  by  R.  W.  Jeppson,  Utah  Water  Research  Laboratory,  Utah  State 
University.  It  was  found  that  the  partial  differential  equation  boundary 
value  problems  based  on  basic  soil  properties  were  within  reach  of  solution 
capabilities. 

Since  a  steady-state  model  of  a  watershed  cannot  orovidc  complete  predictive 
information  for  the  naturally  unsteady  watershed  flew  system,  effort  will  also 
be  devoted  toward  the  development  of  a  comparable  transient  mathematical  model 
for  the  partially  saturated  flow  system  of  a  watershed  slope.  This 
transient  model  would  include  a  source  of  moisture  such  as  snowmelt  or  rain, 
evapotransnirat ion  and  deep  percolation  all  incorporated  as  boundary  condition 
in  the  partial  differential  equation  initial-boundary  value  problem. 

In  developing  the  model  for  the  transient  flow  system  and  in  testing  its 
solution  capabilities,  the  solution  from  the  steady-state  model  will  act  as 
a  "bench  mark-'  toward  which  the  transient  solution  should  approach  in  an 
asymptotic  manner  at  longer  time  intervals.  Consequently,  the  steady  state 
solution  results  will  also  act  as  a  check  on  the  accuracy  of  transient 
solutions  from  more  sophisticated  mathematical  models. 

In  order  to  evaluate  the  effects  of  soil  parameters,  to  establish  the  actual 
flow  pattern,  and  to  demonstrate  the  usefulness  of  the  mathematical  solution 
results,  a  watershed  profile  was  selected  and  heavily  instrumented.  The 
northeast  slope  of  the  Upper  Sheep  Creek  Watershed  W-17,  a  subbasin  of  the 
Reynolds  Creek  Experimental  Watershed,  was  selected.  The  instrumentation  sites 
arc  shown  ir.  Figure  1— ,  e  contour  map  of  the  Upper  Sheep  Creek  Watersheds,  and 
in  Figure  2,  a  profile  cross  section  of  the  slope. 

The  instrumentation  from  which  data  were  obtained  during  the  water  year  1969-70 
includes:  (1)  seven  single  probe  and  two  dual  probe  sites  for  measuring  soil 

moisture  with  a  neutron  probe,  (2)  two  single  piezometers  at  sites  P-1  and  P-2 
for  measuring  the  potential  surface  of  the  saturated  region,  (3)  three  sites 
containing  batteries  of  tensiometers  at  various  depths  for  measuring  soil 


1/ 


All  figures  pertaining  to  this  Research  Outline  are  located  in  order 
following  page  G-10. 
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moisture  tension  beneath  the  snowpack,  end  (4)  tT.7o  identical  drop-box  weirs 
with  cutoff  walls  for  measuring  stream-channel  flow  upstream  and  downstream 
from  the  instrumented  slope.  Ac  the  beginning  of  water  year  1970-71  nine 
more  piezometers  were  installed.  Two  of  the  additional  piezometers  were 
installed  at  site  P-1  to  provide  a  battery  of  chree  piezometers  at  various 
depths.  The  single  piezometer  that  was  located  at  site  P-2  was  discontinued 
in  place  of  a  battery  of  four  new  piezometers  at  various  depths.  A  battery 
of  three  piezometers  was  also  installed  at  a  new  site,  P-3,  in  che  middle  of 
the  slope. 

A  seismic  survey  was  conducted  late  in  the  'water  year  1969-70  on  the 
instrumented  slope.  This  survey  was  necessary  to  complement  and  complete  che 
profile  cross-section  information  obtained  from  driller's  logs  of  the  soil 
moisture  and  piezomecer  sites. 

Experimental  Data  ar.d  Observations: 


Moisture  content  data  for  the  soil  profiles  at  che  soil  moisture  and  dual 
probe  sites  were  obtained  on  a  weekly  basis  throughout  Che  year  with  a 
neutron  probe.  During  the  snowmelt  season  soil  moisture  data  were  obtained 
twice  weekly.  Gravimetric  samples  were  taken  occasionally  to  snot  check  the 
neutron-probe  soil-moisture  data  and  to  dccermino  bulk  density,  porosity, 
and  saturated  conductivity.  Representative  daca  for  soil  moisture,  bulk 
density,  porosity,  ar.d  saturated  conductivity  are  listed  in  Table  1. 
Representative  soil  moisture  content  profiles  obtained  from  che  neutron  probe 
data  at  sites  SIT- 1 ,  DP-2,  and  SIT- 3  are  illustrated  in  Figures  3,  4 ,  and  3, 
respectively. 

The  two  single  piezometers  from  'which  data  were  collected  during  water  year 
196S-70  were  located  at  site  P-1,  close  to  the  stream  channel,  and  at  site 
P-2,  on  the  upper  portion  of  the  slope  just  below  the  usual  snowpack  area 
(see  Figures  1  and  2).  Those  piezometers  were  used  to  determine  roughly  the 
potential  surface  of  the  saturated  region.  The  hydrograph  obtained  during 
the  sncrc/melt  season  from  the  lower  piezometer  P-1  is  illustrated  in  Figure  6. 

Three  muleiplc-cell  tensiometers  were  located  in  the  soil  under  the  snowpack 
to  measure  capillary  pressures  at  various  depths  in  the  soil.  This  data  is 
listed  in  Table  2. 

Periodic  surveys  were  made  during  the  snowmelt  season  to  obtain  the  location, 
volume,  and  water  equivalent  of  the  snowpack.  The  average  density  o£  the 
snowpack  remained  essentially  constant  (0.49-0.55)  during  the  sncimelt  season. 
Figure  7  illustrates  the  changes  in  a  typical  cross-secticnal  area  of  the 
snowpack  during  the  winter  and  spring  of  1970. 

The  snowmelt  data  were  analyzed  by  two  methods.  One  method  was  used  to 
indicate  only  the  total  volume  of  water  that  melted  from  the  snowpack  each 
day.  The  second  method  was  used  to  derive  a  soil  surface  intake  rate  by 
accounting  for  the  decreasing  ground  surface  area  beneath  the  snowpack. 

Daily  mell  rates  from  the  cooperative  ARS-SCS  snow  pillow  site  at  Reynolds 


■ 

TABLE  1. --So  Liu  data  from  the  north  slope  O-  U  per  Sheep  Creel;  Watershed  W-17. 
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TABLE  2. --Soil  moisture  tension  data  from  the  north  slooc  of  L’-.oer  Sheen 
Creek  Watershed  W-17. 


1970 

Date 

Mili¬ 

tary 

Time 

Tens  ion 

in  Inches 

r  below  Tensiometer 

1/ 

Death- 

Sic 

e  T-l 

2/ 

2.75 

Site 

T-3 

2/ 

13.  25 

Tensiometer  Dench 

Tensiometer  Dench 

6.  00 

10.  25 

7.00 

15. 25 

5-22 

0905 

5.  77 

0.  14 

14.  14 

15.64 

1055 

9.  30 

+  12.25- 

+  9.40 

16.  37 

1250 

21.  77 

+11.23 

+  9.23 

16.02 

5-25 

0930 

20.27 

24.  27 

20.  52 

22.67 

1110 

20.  57 

25.  72 

21.00 

23.  17 

1620 

1.25 

+23.93 

21.  30 

31.00 

23.00 

24.03 

5-25 

1015 

12.39 

+  11.74 

27.  15 

42.  30 

27.  52 

20.  77 

1100 

+  0.24 

+  9.00 

27.  27 

43.  52 

27. 52 

20.  77 

1205 

+  5.24 

+  0.43 

27. 65 

44 . 52 

27.77 

20.  77 

1300 

-34. 24 

+  7.61 

27.03 

45.  27 

27. 77 

20.  77 

14  CO 

+42. 24 

+  5.43 

20.02 

45.  52 

20.  02 

20.7? 

1500 

+42.24 

+  5.49 

20.  4C 

47 . 40 

20.27 

27.77 

1600 

+42. 24 

+  4.70 

20.40 

40.27 

20.  52 

27.65 

1700 

+4 2 . 24 

+  4.  11 

20.  52 

43.  15 

20.77 

+10.40 

5-27 

1445 

+39.93 

+20. 30 

31. 02 

52.02 

31.  30 

+  10.73 

5-28 

1310 

+40.49 

34.  02 

34.  77 

+22. 23 

1445 

+40.  37 

+54. 24 

34.  33 

63.00 

34.  77 

+21.2  3 

5-30 

1650 

+35. 74 

+53.24 

40.57 

+  3.40 

+10.40 

+20.30 

6-4 

1230 

+3C.76 

+50. 17 

47.33 

12.  24 

42.93 

+ 16. 59 

6-8 

1345 

+35. 28 

+49 . 45 

55.25 

15.40 

0.51 

+  10.45 

6-9 

1200 

+24.74 

+45.49 

50.  52 

16.  52 

+  3.06 

+  7.33 

6-10 

1200 

+33.04 

+41.  93 

57.77 

17.  12 

+  3.06 

+  7.33 

“  Tensiometers  ac  Site  T-2  did  nod  Junction  fro-erly. 

2/ 

—  Depth  is  in  inches  below  "round  surcace. 

3/ 

—  Plus  (+)  sign  indicates  positive  pressure  heed  in  inches  above 
tensioncter  oosition. 
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Ilcuntoin,  4.0  miles  southwest  of  the  snowpack  on  the  north  slooe  of  Upper 
Sheep  Creek  Watershed  W-17,  were  used  as  a  guide  in  determining  daily  melt 
races  at  the  latcer  site.  The  Reynolds  Mountain  snow  pillow  site  is 
comparable  to  che  snowdrift  area  or.  the  north  slope  of  Upper  Sheep  Creek, 
xposure  is  approximately  the  same,  and  the  elevation,  6730  feet,  is  only  a 
ifference  of  500  feet.  Snot,  melt  and  rainfall  data  from  the  Reynolds 
Mountain  snot-  pillow  sice  and  rainfall  data  from  the  Lower  Sheeo  Creek 
Weather  Station  (1.5  miles  northwest  of  the  north  slope  cf  Upper  Sheep  Creek 
and  at  elevation  5410)  and  from  the  Black  Mountain  rain  gage  (0.7  miles 
northeast  of  the  north  slope  of  Upper  Sheep  Creek  and  at  elevation  6610)  are 
listed  m  Table  3.  Results  of  the  two  methods  of  analyzing  the  snowmelt  data 
are  illustrated  in  Figure  C. 

Stream-channel  flow  is  measured  upstream  and  downstream  from  the  instrumented 
slope  oj  two  identical  drop-bc::  weirs  with  cutoff  walls.  No  overland  flow 
or  surface  runoff  from  the  slope  was  observed  during  the  snowmelt  period. 

Channel  flow  is  attributed  to  subsurface  flew  from  snowmelt  infiltration  with 
subsequent  seepage  into  the  stream  channel.  The  difference  between  the 
hydrographs  from  the  cwo  weirs  is  illustrated  in  Figure  6  and  gives  an 
indication  of  the  snowmelt  hydrograph  after  it  is  attenuated  by  flowing  downs  lope 
enrough  che  soil  mantle  system. 

Comments.  Interpretations,  and  Future  Plans: 

/.  comparison  of  Figures  6  and  3  indicates  that  equilibrium  or  steady-state 
conditions  have  noc  been  fully  achieved.  The  snowmelt  hydrograph  peak  precedes 
the  lower  piezometer  hydrograph  peak  by  two  weeks,  and  the  latter  precedes  the 
channel-runoff  peak  by  five  days. 

The  adequacy  of  the  steady-state  mathematical  model  developed  by  Jeposon  for 
this  study  in  defining  variations  in  hydraulic  conductivity  or  other  soil 
parameters  iron  an  unsteady  field  situation  needs  further  study.  In  brief, 
more  field  measurements  are  needou.  However,  the  model  dees  indicate  whac 
cymes  of  additional  observations  should  be  obtained. 

At  the  tine  the  computer  problems  were  formulated,  not  all  of  the  data  needed 
to  completely  define  the  field  flow  situation  were  available.  For  example, 
che  two  init_al  batteries  of  tensicmecers  at  sites  T-l  and  T-2  were  located 
during  the  autumn  of  I960  just  below  the  exoected  extent  of  the  1969-70 
snowpack  accumulation.  However,  the  snovpack  did  not  extend  downs  lope  as  far 
as  had  been  anticipated.  An  additional  battery  of  tensiometers  were  installed 
at  site  T-3  beneath  the  snowpack.  during  the  spring  of  1970,  but  prior  to  the 
heavy  snowmelt  period.  Furthermore,  measurements  to  determine  the  lateral 
and  vertical  variations  of  saturated  hydraulic  conductivity  were  not  complete. 

In  fact,  the  work  plan  called  for  using  the  steady-state  model  to  indicate 
what  field  measurements  would  be  most  useful.  Consequently,  judgment  was  used 
in  estimating  some  of  the  parameter  values  needed  to  define  the  computer 
problems.  The  ether  parameter  values  were  varied  in  a  systematic  fashion  to 
bring  computer  solutions  to  closer  agreement  with  certain  observed  features  of 
che  actual  flow  system. 


TABLE  3 .  - -Cqnvgarnb  Ic  snotrer.elc  and  rainfall  data. 


Snonmelt 

Ra  in  r  a  1 1 

Rair.fal  1 

Ra  infal 1 

at  Reynolds 

at  Reynolds 

a  c  Lcwe r 

at  Black 

Ilounta  in 

Mountain 

Sheep  Creel 

Mountain 

Hay 

1370 

Snow  Pillow 
Site— ( 

Snow  Pi.  l  lor; 

Siter 

Weather 

Station-^ 

Ra  in 
Gagel{ 

Date 

Inches 

Inches 

Ir.ch.es 

Inches 

I 

0.  10 

2 

0.  55 

.  .  .  . 

.... 

.... 

3 

0.C4 

•  •  •  • 

.  .  .  . 

.... 

4 

0.90 

•  •  •  • 

.... 

•  •  •  • 

5 

C.  74 

.... 

.... 

.... 

r 

0.69 

0.07 

C.  04 

0.03 

7 

0.  66 

•  •  •  • 

.... 

.... 

0.92 

0.43 

0.  09 

0.  13 

> 

0.39 

0.25 

0. 09 

O.OC 

10 

0.  13 

0.29 

0.  12 

0.24 

11 

0.02 

0.  05 

12 

0.01 

0.  11 

0.02 

0.03 

13 

O.CO 

C.  09 

C.  03 

0.02 

14 

0.  C3 

,  ,  ,  , 

0.04 

15 

0. 09 

.  •  •  . 

.... 

1.  55 

...  - 

.... 

17 

1.  27 

•  •  •  • 

.... 

1C 

1.31 

.... 

.... 

.  10 

0.99 

.... 

0.04 

20 

0.  52 

0.  19 

0.  11 

O.OC 

21 

1.  50 

0.02 

22 

0.  63 

0.03 

C.  13 

•  •  •  • 

23 

1.49 

0.34 

0.51 

24 

2.31 

•  •  •  • 

.... 

0.01 

n  e: 

j 

2. 60 

.... 

.  .  .  . 

.... 

26 

2.55 

0.07 

G.  03 

0.06 

27 

1.  29 

.... 

.... 

0.02 

9  r 

0.49 

.... 

.... 

.... 

29 

0.01 

.... 

.... 

.... 

1/ 

Gage 

176407  located  at 

elevation  6700  and 

4.0  mi les 
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Gage  1 2 74-07  located  at  elevation  jk  1C  and  1.3  relics  northuesc  of  the 
north  slope  of  Upper  Ghee,;.  Creek  Watershed  11-17. 


Gage  120407  located  at  elevation  6610  and  0.7  miles 
north  slope  of  Upper  Sheen  Creek  Watershed  17— 17. 
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northeast  of  the 


Cn  '.lie  basis  of  the  soil  tension  data  (Table  2)  and  the  soil  moisture 
measurements  (Figures  3,  4,  and  3),  the  capillary  tensions  ':ere  specified 
in  the  corr.outer  problems  as  either  0.5  or  i.O  feet  of  water.  Drillers' 
logs  indicated  chat  soil  material  obtained  during  the  installation  of  the 
piezometers  and  soil  moisture  tubes  contained  an  increasing  amounc  of  fines 
with  death.  Consequently,  a  function  allowing  -decreasing  values  of  hydraulic 
conductivity  with  depth  below  tne  ground  surface  was  used  in  practically  all 
of  the  computer  solutions. 

Tne  values  for  the  boundary  coordinates  in  the  computer  solutions  were 
selected  upon  examination  of  the  field  data.  Piezometer  data  were  not 
adequate  to  define  the  position  of  the  water  table  throughout  the  watershed 
slope  for  a  steady-state  flow  system;  however,  the  saturation  data  obtained 
from  soil  moisture  measurements  suggested  chat  the  water  table  created  by 
snowmelt  would  be  a  relatively  small  distance  below  the  ground  surface. 
Therefore,  boundary  coordinates  from  the  base  of  the  snow pack  to  the  scream 
channel  were  selected  to  give  a  water  table  at  a  depth  of  one  foot  or  less. 
Boundary  coordinates  for  the  impervious  layer  were  selected  to  give  depths 
to  die  restrictive  layer  as  suggested  by  the  drillers'  logs  and  as  shown 
in  Figure  2. 

It  is  not  -  raccical  to  include  all  of  the  computer  solution  results  in  this 
report.  Flew  nets  for  four  solutions  are  presented  in  Figures  9,  iO,  11, 
and  12,  to  facilitate  the  explanation  of  factors  that  appear  to  influence 
the  downs  lope  flow  within  a  watershed  profile.  Every  other  streamline  and 
equipocential  line  that  was  computed  is  plotted  on  these  flew  nets.  The 
dashed  line  senaraces  the  saturated  and  the  nartialiy  saturated  flow  regions 
(flow  above  the  dashed  line  is  partially  saturated,  whereas,  the  flow  below 
the  dashed  line  i.s  saturated). 

Tr.e  first  two  flow  nets.  Figure  9  and  10,  present  the  solution  to  -roblems 
with  ail  parameter  specifications  identical,  except  for  the  variation  in 
the  saturated  hydraulic  conductivity,  X  .  Furthermore,  in  both  problem 
specifications  the  change  in  saturated  hydraulic  conductivity  with  respect 

varies 


In  the  problem  illustrated  _n  Figure  9,  no  variation  in  the  hydraulic 
conductivity'  was  specified  with  respect  co  the  potential  function.  In  essence, 
the  soil  at  the  bottom  of  the  slope  was  assumed  to  have  similar  hydraulic 
properties  to  the  soil  at  the  top  of  the  3 lone.  Since  the  shaoe  of  the 
resulting  ground  surface  •'rofilc  illustrated  in  Figure  9  is  steeper  near  the 
channel  and  flatter  near  the  <.op  than  that  of  the  actual  watershed  as  shoim 
ir.  Figure  2,  some  parameter  specification  or  combination  of  specifications 
needs  to  be  modified. 

While  a  number  of  the  parameters  used  to  specify  the  problem  may  be  changed 
to  allow  closer  agreement  between  the  computer  solution  and  the  actual  profile 
shape,  the  most  logical  change  seems  to  be  to  vary  the  saturated  hydraulic 
conductivity,  XQ,  such  that  its  value  is  greater  at  the  bottom  than  near  the 
top  of  the  slope. 


co  the  stream  function  i: 
equals  1.75  plus  IC  just 
linearly  between  tfie  two 


identical  such  that  X  at  the  ground  surfac 

O 

above  the  inoervious  layer,  and  such  that  X 

o 

suriaces. 
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Solution  to  several  problems  (not  illustrated  in  th is  report)  were  obtained 

in  which  IC  was  snecif ied  to  vary  linearly  with  the  potential  function  and 
O'  "  J 

co  be  approximate ly  twice  as  great  ac  the  bottom  as  it  was  ac  the  cop  of 
the  slope.  Uith  only  linear  variations  in  KQ  and  without  variations  in  the 
anisotropy  parameter  or  changes  in  the  boundary  coordinates,  it  soon  became 
apparent  Chat  complete  agreement  between  computed  and  actual  profiles  could 
not  be  achieved. 

Regions  of  nonconformity ,  except  near  'die  stream  channel,  were  eliminated 
systematically  by  superimposing  'ositive  and  negative  sine  curves  on  a 
decreasing  linear  function  of  Kc  with  potential  function.  A  flow  net  for 
such  a  formulation  is  illustrated  in  Figure  10.  These  results  indicate 
chat  the  actual  saturated  hydraulic  conductivity  varies  with  distance  up 
the  slope  from  the  channel  bottom.  Mora  precise!/,  K  decreases  from  the 
stream.bed  up  the  slope  for  about  one-third  the  distance,  then  jusc  below 
the  dual  probe  site  DP-2,  it  increases  sharply.  K„  then  decreases  again 
until  near  the  coo  of  the  slooe,  where  it  increases  again. 

The  sharp  increase  in  saturated  hydraulic  conductivity  required  by  the  result 
of  the  solution  in  the  vicinity  of  the  dual  probe  site  D?-2  may  result  from 
the  actual  decrease  in  surface  coii  depth  at  this  location.  Furthermore, 
saturated  hydraulic  c endued- -icy  data  obtained  in  the  laboratory  support 
this  hy- oth.es  is .  Values  of  il_  were  obtained  from  disturbed  soil  samples 
taxer,  from  three  nits  .*•  laced  along  the  slope.  Samples  ta'xen  from  a  -it 
near  site  DP-2  yielded  '.l  v  cl  a  ns  that  were  approximately  twice  as  large  as 
K0  values  obtained  for  the  coils  in  pits  located  near  the  piezometer  sites 
P-1  and  ?-2. 

It  _s  noteworthy  that  other  parameter  spec  if icat ions  and  variations  could 
have  been  used  to  bring  solution  results  in  agreement  with  the  actual  case. 
Agreement  could  probably  have  been  achieved  by  varying  the  anisotropy 
parameter  in  the  ups  lone  direction,  or  ay  specifying  different  boundary 
coordinates . 

Different  boundary  coordinates  were  specified  for  other  solutions,  in  which 
the  water  cable  was  maintained  within  a  depth  of  one  foot  from  the  ground 
surface,  and  in  which  the  capillary  tension  head  in  the  soil  beneath  the 
snowpacx  was  maintained  at  one  foot  of  water.  The  flow  net  that  is 
illustrated  in  Figure  11  resulted  from,  such  a  solution.  In  this  and  other 
such  solutions  not  included  here,  only  linear  decreases  of  IC0  with  potential 
function  wore  defined.  Of  these  solutions  the  profile  shown  in  Figure  11 
corresponds  best  to  the  accua>.  profile.  However,  this  profile  does  rise 
above  the  actual  profile  just  ups  lope  from  the  dual  probe  site  DP-2,  at  the 
position  where  the  restrictive  layer  reduces  the  depth  of  the  surface  soil. 
Again  with  these  coordinates ,  the  actual  profile  cannot  be  duplicated 
unless  1CQ  is  sharply  increased  in  the  vicinity  of  DP-2  while  the  anisotropy 
parameter  is  maintained  constant,  or  vice  versa,  or  a  combination  of  the 
two  parameters  is  tahen. 

The  solution,  illustrated  in  Figure  12  used  still  other  boundary  coordinates 
in  its  specif ications.  Here  it  was  assumed  that  a  slightly  larger  increase 
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in  Che  saturated  hydraulic  conductivity  with  scrcar:  lunation  exists  than 
in  previous  solutions,  and  chat  II  does  not  vary  with  potential  function. 

*  Q 

Saturated  hydraulic  conductivity  m  the  horizontal  direction,  was  assuned 
to  bo  twice  as  great  as  m  the  vertical  direction.  Therefore,  this 
solution  illustrates  c’ne  shape  that  the  watershed  profile  would  have  under 
steady-state  flew  conditions  with  .the  deaths  of  soil  shown,  with  the  entire 
water  table  close  to  the  ground  surface,  and  with  saturated  hydraulic 
conductivity  characteristics  the  sane  at  the  top  as  at  the  bottom  of  the 
slope.  The  computed  profile  is  much  steeper  in  the  areas  of  shallower 
soil  chan  is  the  actual  watershed.  In  these  shallow  soil  regions  either 
the  water  must  emerge  from  the  surface  or  K0  must  be  greater  than  in  the 
remaining  profile.  Should  the  water  emerge  from  the  surface,  ft  would 
tend  to  malic  this  area  more  susceptible  to  erosion,  and  thus  provide  a 
natural  mechanism  for  further  reduction  in  the  depth  of  soil  capable  of 
transmitting  moisture. 

Future  plans  include  the  development  and  verification  (with  field  data) 
of  a  numerical,  transient,  two-dimens iona 1  flow  model.  R.  U.  Jennson,  Utah 
hater  Research  Laboratory,  will  develop  the  model,  and  the  Northwest 
Watershed  Research  Center  staff  will  obtain  the  necessary  daca  for 
verification  from  the  1570-71  water  year.  To  meet  these  needs,  che  new 
piezometer  batteries  mentioned  in  an  earlier  section  of  this  report  were 
installed.  Tensiometer  batteries  will  be  installed  at  the  base  of  the 
sncwpach  prior  to  the  snowmelt  season.  Since  it  was  demonstrated  last  year 
that  good  tension  daca  are  difficult  to  attain,  an  effort  will  be  made  to 
modify  the  tensiometers.  An  ideal  situation  would  include  continuous 
recorders  and  no  hydraui  1c  lines  on  the  tensiometers.  The  recording  rain 
gage  13C031  that  is  located  very  close  to  the  study  area  (Figure  1)  will  be 
modified  so  that  it  will  provide  reliable  data  (no  data  were  available  for 
water  year  1969-70).  Further  geologic  and  hydrologic  investigations  will 
be  conducted  to  determine  if  ail  the  water  from  the  large  snounaclc  on  Upper 
Sheep  Creel:  Watershed  U-16  flows  through  the  drop-box  weir  - 13  before 
entering  the  stream  channel  of  Upper  Sheep  Creel:  watershed  17-17. 

A  manuscript  in  preparation  since  last  year's  report  is  the  following: 

Jcppscn,  R.  17.,  Schreiner,  D.  L.  ,  Stephenson,  G.  ,  Johnson,  C.  17.  , 
Cox,  L.  M. ,  and  Schumahcr ,  G.  A.  1971.  Solution  of  a  watershed 
flow  system  resulting  from  snoTnelt  with  verification  by  field  data. 
Abstract  accepted  for  presentation  at  the  1971  Annual  National 
Summer  Meeting  of  ASAE,  June  27-30,  Pullman,  Uashingtcn.  Manuscript 
to  be  submitted  to  SWC  for  approval  to  publish  in  the  Transactions  of 
the  ASAE. 
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Figure  1, 


Instrumentation  and  topography  map  of  Upper  Sheep 
CreeK  Watersheds  W-16  and  W-17. 
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Figure  2.  Profile  cross  section  and  instrumentation  of  North  Slope  Upper  Sheep  Creek  Watershed  W-17. 


PERCENT  VOLUME 


INCHES  OF  WATER 

Figure  4.  Soil  moisture  content  profiles  obtained  with  neutron  probe  at  Site  DP-2,  North 
Slope  Upper  Sheep  Creek  Watershed  W-17. 
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INCHES  OF  WATER 

Figure  5;  Soil  moisture  content  profiles  obtained  with  neutron  probe  at  Site  SM-5,  North 
Slope  Upper  Sheep  Creek  Watershed  W-17. 


Figure  6.  Hydrographs  for  piezometer  P-1  and  stream  channel. 
North  Slope  Upper  Sheep  CreeK  Watershed  W-17, 
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HORIZONTAL  DISTANCE  IN  FEET 

Figure  7.  Changes  in  snow  pack  cross-sectional  area  at  station  5  +  00,  North  Slope  Upper  Sheep 
Creek  Wuler-shod  W-17. 


MELT  VOLUME  IN  CUBIC  FEET  OF  WATER 


TIME  IN  DAYS 

Figure  8.  Hydrographs  of  snowmelt.  North  Slope  Upper  Sheep  Creek 
Watershed  W-17. 
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conductivity  with  stream  function  and  no  variation  with  potential  function. 
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hydraulic  conductivity  with  stream 
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CRIS  Work  Unit  No.  SyVC-OIl-fBo-1  Code  No.  Ida-So-105.6 


Title: 


Developing,  tooting,  and  evaluating  an  analytical 
infiltration  model. 


Location: 


Northwest  '/aterclied  Research  Center,  Boise, 
Idaho. 


Cooperation:  The  Utah  Stats  University  Water  Research 

Laboratory  will  cooperate  in  the  analytical  phases 
of  this  study.  The  Oregon  State  University  Agri¬ 
cultural  Engineering  Department  will  cooperate  in 
assessing  soil  properties  and  in  laboratory  and  in 
field  testing.  The  Bureau  of  Land  Management, 
USDI,  will  contribute  support  and  participate  in 
pursuit  of  the  study. 

Personnel:  D.  L.  Schreiber,  //.  R.  Hamon,  and  G.  A. 

Schumaker  (ARC-3 >70;  R.  W.  Jeppson  (Utah  State 
University);  and  E.  K.  Brooks  and  E.  N.  Biggs 
(Oregon  State  University). 

Date  of  Initiation:  February  1971 


Expected  Termination 

Date:  Field  Work:  November  1974. 

Laboratory:  September  1972. 

Interpretation  and  Summary:  December  1974. 

Objectives: 

1.  To  develop  •  or  adapt  mathematical  models  in  the  form  of  partial 
differential  equations  to  describe  steady-state  and  transient 
one-dimensional  and  three-dimensional  axisymmetric  flow  through 
partially  saturated  soils. 

2.  To  determine  quantitative  means  by  use  of  the  mathematical 
models  to  adjust  for  lateral  "spreading  effect"  of  moisture 
movement  from  a  circular  rainfall  simulator  under  various  soil 
types  and  conditions. 

3.  To  test  and  refine  the  mathematical  models  by  comparing  results 
with  laboratory  and  field  determinations  of  infiltration  and  to 
establish  the  relative  influence  of  the  several  interacting  physical 
processes  on  infiltration. 
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4.  To  determine  the  parameters  in  the  saturation-pressure  re¬ 
lationship  (moisture  characteristic)  and  saturated  conductivity 
by  the  use  of  parameter  optimization  in  conjunction  with  the 
mathematical  models  and  infiltration  data. 

5.  To  determine  the  potential  quantity  of  water  retainable  by 
various  soil -vegetation  complexes  that  is  independent  of  in¬ 
filtration  for  different  initial  soil  moisture  levels. 

Need  for  Study: 

Infiltration  of  water  into  soil  profiles  is  the  critical  hydrologic  com¬ 
ponent  in  watershed  management,  overland  flow  prediction,  sediment 
generation,  natural  and  artificial  ground-water  recharge,  and  irrigation. 
With  increased  public  interest  in  the  management  of  land  and  water 
resources,  better  analyses  and  predictive  methods  for  describing  infil¬ 
tration  and  flow  in  porous  media  are  needed. 

This  study  should  provide  an  important  lime  for  the  development  of  a 
comprehensive  hydrologic  response  model.  More  accurate  information 
concerning  the  flow  system  resulting  from  infiltration  is  essential  if 
agricultural  lands  are  to  be  managed  for  optimum  multiple  use. 

Much  data  have  been  collected  around  the  country  in  past  years  using 
small  infiltrorr.3tei's  on  many  different  soil  types.  This  study  should 
provide  a  quantitative  means  to  adjust  the  data  for  the  lateral  spreading 
effect  of  the  water  beyond  the  boundary  of  the  ring.  Such  a  correction 
for  lateral  spreading  would  not  only  increase  the  value  of  the  reams  of 
infiltrometer  data  that  are  available  but  maKe  it  possible  to  adjust  field 
data  to  meaningful  quantitative  values. 

Several  studies  that  have  been  condu<ftecf  wfTfiin-the  past  ?.C  years  have 
fully  demonstrated  that  infiltration  characteristics  are  dependent  upon 
fundamental  hydraulic  properties  of  soil  in  relation  to  water  movement.  • 
These  studies  have  demonstrated  that,  by  defining  such  soil  properties 
adequately  and  describing  their  effects  upen  the  flow  system  by  means  of 
partial  differential  equations,  solutions  can  be  obtained  which  show  close- 
agreement  with  laboratory  and  field  observations.  Solutions  to  well- 
formulated  boundary  and  initial  value  problems  permit  various  components 
and  features  o.  the  flow  system  to  be  isolated  and  studied,  thus  provid¬ 
ing  Knowledge  and  insight  into  extremely  complex  and  otherwise  unde¬ 
cipherable  cause-effect  relationships. 

The  partial  differential  equations  that  describe  partially  saturated  flow  in 
a  porous  media  are  nonlinear.  Consequently,  the  majority  of  available 
solutions  have  been  obtained  for  the  assumption  of  one-dimensional  flow. 
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The  more  general  boundary  and  initial  conditions  have  required  inves¬ 
tigators  to  obtain  solutions  by  numerical  methods.  Solution  of  the 
partial  differential  equations  requires  a  relationship  of  saturation  and 
permeability  to  capillary  pressure.  Considerable  research  has  been 
devoted  to  defining  relationships  between  these  variables  in  a  partially 
saturated  soil -water-air  flow  system. 

The  problem  which  will  be  studied  under  this  research  outline  is  the 
one-dimensional  and  the  three-dimensional  axisymmetric  partially  satu¬ 
rated  flow  regimes  that  result  from  moisture  applied  at  the  surface  of 
a  soil  core  and  on  plots  beneath  a  rainfall  simulator.  This  study  will 
provide  needed  analytical  methods  for  describing  the  infiltration  com¬ 
ponents  as  part  of  the  total  effort  by  the  Northwest  //aiershed  Research 
Center  in  developing  a  physically-based,  computer-simulated  response 
model  of  the  entire  hydrologic  cycle  of  a  watershed. 

If  the  hydraulic  properties  of  soils  are  defined  adequately,  resulting 
effects  upon  flow  systems  in  soils  can  be  described  by  solutions  to  the 
defining  partial  differential  equations.  Various  components  of  a  flow 
system  can  be  isolated  and  studied  by  formulating  proper  boundary- 
and  initial-value  problems.  Knowledge  and  insight  can  be  Provided  into 
extremely  complex,  undecipherable  relationships. 

The  theory  of  porous  media  flow  used  in  this  study  is  also  applied  to 
describe  the  two -dimensional  flow  system  resulting  from  melting  snow 
over  the  upper  portion  of  a  watersheo  slope  (Research  Cutline  Ida-Bo- 
105.  5).  The  equipment  and  some  of  the  procedures  developed  for  this 
study  will  be  utilized  in  determining  the  hydraulic  properties  of  soils, 
particularly  the  moisture  characteristic,  as  a  cooperative  study  with 
Oregon  State  University. 

Design  of  Experiment  and  Procedure  to  be  Followed: 


1.  Variables -- 

a.  Hydraulic  conductivity  of  the  various  soil  layers. 

b.  Moisture  content  of  the  various  soil  layers. 

c.  Soil  moisture  tension. 

d.  Soil  profile  and  physical  characteristics. 

e.  Rate  of  water  application. 

f.  Free  water  detention  of  soil-cover  complexes. 

2.  Data  to  be  Obtained-- Data  will  be  obtained  for  the  variables  listed 
above.  Hydraulic  conductivities,  moisture  contents,  and  moisture 
tensions  will  be  obtained  in  3  different  ways:  (1)  under  carefully 
controlled  laboratory  conditions  at  Oregon  State  University,  (2)  under 
field-simulated  conditions  at  the  Reynolds  Creek  Rainfall  Simulator 
Laboratory,  and  (3)  in  situ..  The  soil  profile  and  physical  charac¬ 
teristics  such  as  porosity  and  bulk  density  will  be  determined  by 
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digging  open  pits  and  taking  gravimetric  samples.  The  rate 
of  moisture  application  cam  be  controlled  and  will  be  varied 
systematically  to  determine  its  effect  upon  the  resulting  flow 
system. 

3.  Procedure  - -Leathern  atical  models  of  steady  amd  transient  one¬ 
dimensional  flow  and  three-dimensional  axisymmetric  flow  through 
partially  saturated  soils  are  currently  being  perfected  by  Dr. 

R.  .7.  Jeppson  at  the  Utah  State  University  Water  Research 
Laboratory  under  a  cooperative  study.  These  models  will  satis¬ 
fy  objective  No.  1. 

Objective  No.  2  is  being  pursued  concurrently  with  objective  No. 

1.  Previously  published  soils  cats.,  not  necessarily  from  the 
Reynolds  Creek  Experimental  watershed,  will  be  used  initially  to 
investigate  the  importance  of  lateral  spreading.  As  more  data 
are  obtained  from  the  Reynolds  Creek  Watershed  soils,  they  will 
be  used  to  verify  the  model  and  also  to  satisfy  objective  No.  3. 

The  laboratory  phase  of  objective  No.  3  will  be  acocperative 
effort  with  Cregon  State  University  under  a  cooperative  study. 

The  laboratory  investigations  will  be  conducted  at  Cregon  State 
University  and  at  the  Reynolds  Creek  Rainfall  Simulator  Facility. 
Disturbed  and  undisturbed  soil  cores  from  Reynolds  Creek  Experi¬ 
mental  ./atershed  will  be  tested  in  the  laboratories.  Results  will 
be  compared  to  those  obtained  from  the  na thematic al  models. 

Following  completion  of  the  laboratory  phase  of  objective  No.  3, 
field  testing  phase  will  be  initiated.  The  rainfall  simulator  with 
its  gamma  probe  infiltromeler  is  portable,  so  it  can  be  trans¬ 
ported  to  various  sites  on  the  Reynolds  Creek  Experimental 
Watershed.  Data  similar  to  that  obtained  in  the  rainfall  simu¬ 
lator  laboratory  will  be  obtained  in  situ  for  several  different 
soil -vegetation  complexes. 

Since  soil  moisture  tension  amd  conductivity  data,  are  difficult  to 
obtain,  especially  in  situ ,  parameter  optimization  will  be  utilized 
to  achieve  objective  No.  4.  A  suitable  analytic  or  parametric 
model  for  the  saturation-capillary  pressure  relationship  is  to  be 
obtained  in  a.  cooperative  study  with  Cregon  State  University. 
Results  from  the  laboratory  phase  of  objective  No.  3  will  be 
utilized  in  a  parameter  optimization  technique,  using  the  mathe¬ 
matical  model  and  a  modified  Turbine  Theory  as  an  alternative 
to  using  coil  moisture  tension  and  saturation  conductivity  data. 

If  parameter  optimization  can  successfully  be  used  tc  replace 
soil  moisture  tension  and  saturated  conductivity  data,  then  ensu¬ 
ing  studies  would  not  have  to  include  such  data.. 


In  order  to  separate  out  the  potential  quantity  of  water  retain¬ 
able  by  soil -vegetation  complexes  and  the  potential  quantity  that 
is  independent  of  infiltration,  the  rainfall  simulator  will  be  used 
to  apply  a  given  quantity  of  water  at  the  same  initial  soil  mois¬ 
ture  conditions  for  a  range  of  time  intervals.  Data  obtained  in 
this  manner  will  be  used  to  extrapolate  to  an  instantaneous  reten¬ 
tion  of  water  for  the  various  soil -vegetation  complexes. 

Experimental  Dele,  and  Observations: 

1.  Instrumentation- -The  conceptual  analytical  infiltration  model  was 
conceived  and  formulated  on  the  premise  of  available  or  developable 
mathematical  models,  access  to  large  electronic  computers,  and  of 
acquirable  new  instrumentation  for  field  measurement  of  the  necessary 
hydraulic  and  physical  soil  properties. 

A  rainfall  simulator-gamma  probe-infUtrometer  has  been  built  as  a 
cooperative  effort  with  the  University  of  Idaho  and  put  into  operation 
during  1970.  The  S  by  6 -foot  unit  is  composed  of  2  by  3 -foot  double 
compartment  modules  supported  at  a  height  of  8  feet  by  a  collapsible 
frame.  Capillary  needles  on  3  by  3-incn  centers  extend  from  the  water 
compartment  through  the  air  compartment  and  an  orifice  in  the  lower 
plafe  from  which  air  flows  for  controlling  drop  size.  Controls  are 
available  for  rcgulr.ting  the  water  and  air  pressure. 

Two  sets  of  modules  have  been  built  with  different  sizes  of  ce.pillary 
needles.  The  longer  needles,  0.027  inch  (I.  B.),  will  deliver  water 
at  a  rate  of  0.  5  to  4.  0  inches/hour,  and  the  smaller  needles,  0.  016 
inch  (I.D. ),  will  deliver  water  at  a  rate  of  0.15  to  2.0  inches/hour, 
with  drop  sizes  controlled  by  varying  the  air  pressure. 

The  two -probe  (gamma)  density  gage  is  operated  by  a  pulley  and  drive 
mechanism  from  the  top  of  the  rainfall  simulator.  Access  tubes  extend 
through  the  modules  and  connect  to  access  tubes  in  the  soil.  The  con¬ 
trol  system  manes  it  possible  to  obtain  density  changes  (water  content 
changes)  simultaneously  with  the  movement  of  water  into  the  soil  pro¬ 
file.  Soil  water  content,  therefore,  can  be  monitored  at  tensiometer 
locations  for  development  of  capillary  pressure-saturation  relationships. 

The  TJxoxler  Model  SC -10,  two-probe  (gamma)  density  gauge,  first  used, 
was  found  to  be  too  temperature  sensitive  to  meet  field  measurement 
requirement.  Tha.t  gauge  has  been  repla.ced  by  a.  Troxler  Model  2376, 
two-probe  density  gauge,  which  utilizes  a  tracking  differential,  '  Pulse 
Height  Discriminator  (PHD)  system.  The  PHD  operates  with  a  scintil¬ 
lation  probe  consisting  of  a  photomultiplier  tube  which  is  optically  and 
mechanically  coupled  to  a  Thallium  activated  Sodium  Iodide  crystal, 
doped  with  Americium  241.  The  function  of  the  PHD  is  twofold: 
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(a. )  It  selects  pulses  of  a  predetermined  height  and 
within  a  predetermined  window  to  allow  density 
measurements  with  small  composition  error. 

{b>  It  compensates  for  changes  in  the  gain  of  the 
photomultiplier  tube  and  the  characteristics  of 
the  bo  chum  Iodide  crystal  due  to  temperature. 

Two  tests  were  made  with  the  new  1  El  system  to  determine  its 
temperature  stability.  First,  a  series  of  density  readings  were 
made  in  the  laboratory  at  3  temperature  levels  using  the  magnesium 
standard.  Second,  an  actual  infiltration  test  was  run  in  the  labora¬ 
tory  with  the  probe  remaining  station  ary  at  4  inches  below  the  soil 
surface. 

Data  obtained  in  the  first  test  are  tabulated  in  Table  1.  The  means 
and  standard  deviations  for  the  3  samples  and  for  the  combined  data 
are  tabulated  at  the  bottom  of  the  table. 

The  second  test  of  the  PHD  system  was  made  in  connection  with  a 
laboratory  infiltration  test  on  a  large  disturbed  soil  core  to  observe 
capillary  pressure  and  saturation  changes  with  passage  of  the  wetting 
front.  The  counts  as  a  function  of  time  ^for  the  range  of  saturation, 

55  to  85  percent,  are  shown  in  Figure  3.—  The  corresponding  change 
in  saturation  and  capillary  pressure  is  plotted  in  Figure  7.  The  gamma 
probe  was  stationary  during  this  test  at  -1  inches  below  the  soil  sur¬ 
face. 


Capillary  pressure  or  soil  water  tension  measurements,  such  as  those 
in  Figures  4  and  7,  were  obtained  with  ceramic  cups  and  pressure 
transducers.  This  equipment  will  be  used  for  tension  measurements 
up  to  0.  8  bar,  raid  psychrometers  will  be  used  for  tension  in  excess 
of  1-2  bars.  Ccani valves  are  available  to  allow  multiple  readings  of 

tensiometers,  out  experience  has  demonstrated  that  a  sufficient  time 
must  be  allowed  for  equilibrium  in  the  system  before  reliable  readings 
are  obtained. 

A  small  laboratory  facility  has  been  built  at  the  Reynolds  Creex  Experi¬ 
mental  Watershed  Headquarters  to  accommodate  large  soil  cores  with 
a  5 -foot  deep  pit  the  size  of  the  rainfall  simulator  or  6  by  6  feet. 

The  rainfall  simulator-gamma  probe -inf iltrometer  is  portable  and  will 
be  used  in  both  the  laboratory  and  field  studies. 
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T3.0LE  1 . «— Cne -uiiv-'.'c s  counts  b/  jv.  o-prooG  density  gauge  (_?HD 
•  system)  s t  dirrcrc-nt  1 3 ns. erst u r c s  rsr  magnesium 
standard  nith  roanc  and  standard  deviaeions. 
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2.  Laboratory  Fata--To  date,  moisture  content  data.,  capillary  pressure 
(moisture  tension)  data,  and  hydraulic  conductivity  data,  have  been  obtained 
by  two  different  methods  using  disturbed  soil  samples  extracted  from  a. 
pit  on  the  Summit  ./atershed  W-12,  a.  subbasin  of  the  Reynolds  CreeK  Ex¬ 
perimental  /Tatershcd.  These  data  have  been  obtained  (a)  by  using  cl¬ 
inch  diameter  core  under  carefully  controlled  laboratory  conditions  at 
Oregon  State  University  and  (b)  by  using  lb -inch  and  60-inch  diameter 
cores  at  the  Reynolds  CreeK  Rainfall  Simulator  Laboratory. 

The  capillary  pressure-saturation  data  obtained  for  the  2 -inch  cores  are 
illustrated  in  Figure  4  and  are  listed  in  Table  2.  The  data  in  Table  2 
have  been  smoothed  to  provide  for  a  continuous  polynomial  curve-fitting 
between  each  adja.cent  three  data  values.  The  intrinsic  permeability¬ 
capillary  pressure  data  obtained  for  the  2 -inch  cores  are  illustrated  in 
Figure  5. 

The  14 -inch  core  was  pacxed  with  the  disturbed  Summit  soil  sample  to 
see  if  the  results  that  were  obtained  from  the  2 -inch  core  under  carefully 
controlled  laboratory  conditions  could  be  duplicated  under  a  field-simulated 
situation  with  the  rainfall  simulator  and  its  associated  gamma  probe.  The 
14-inch  diameter  was  necessary  to  allow  for  the  span  of  one  foot  between 
the  gamma  probe  and  its  detector.  V/ater  was  applied  by  the  rainfall 
simulator  over  the  entire  14  inches  of  surface  diameter  to  provide  a  ver¬ 
tical,  one -dimensional  moisture  movement. 

Following  the  test  with  the  14-inch  core,  a  30-inch  diameter  core  was 
packed  v/ith  the  disturbed  Summit  soil  sample  to  obtain  data  to  verify 
Jeppson's  mathematical  model  of  transient,  three-dimensional  axisymmetric 
flow  through  partially!  saturated  soils.  Since  water  was  only  applied  to  an 
area  having  a  14-inch  diameter,  data,  were  obtained  to  quantify  the  lateral 
"spreading  effect'1  of  moisture  movement  from  a  circular  application  area. 

Three  tests  using  the  6Q-inch  sample  were  run.  During  the  first  test 
tensiometers  were  located  near  the  center  of  the  sample  and  the  water  ap¬ 
plication  area  at  depths  of  3  and  12  inches  below  the  soil  surface.  Addi¬ 
tional  tensiometers  were  located  at  a  depth  of  3  inches  and  at  a  radius  of 
9  inches  (2  inches  beyond  the  area  receiving  water),  12  inches,  and  15 
inches  from  the  center  of  the  sample.  The  effect  of  lateral  spreading 
at  the  3-inch  depth  is  illustrated  in  the  saturation-time  curves  in  Figure 
6. 

A  second  test  was  run  wiih  the  60-inch  sample  four  weeks  after  the  first 
test.  The  second  test  was  deemed  necessary  to  perfect  the  techniques  and 
instrumentation  used  to  collect  the  data.  In  the  previous  test  quite  a  lot 
of  scatter  was  noticed  in  the  capillary  pressure  data.  This  scatter  was 


0 


T/. 


-L£ 


n 

<3  • 


capillary  -r^scure-saturstisn. 
..eynolds  Cr  ee I;  Ou.s.-it  soil 7±J 


Capillary  Pressure 

Head  ^epree  ci;  saturation 

(Peat) 

(Percent) 

o.cco 

.939 

0.066 

•  oo2 

0.131 

.052 

0 . 124 

0.250 

.217 

0.325 

.706 

0.300 

t~\r\ 

•  /  oo 

0.456 

.775 

0.522 

.762 

0.527 

.750 

0.650 

.732 

0.740 

.711 

0  .  old 

.602 

0.073 

•  649 

1 . 130 

.503 

1.3C2 

.572 

1.434- 

.540 

1.504 

.503 

1.603 

.402 

1.759 

1.024 

.475 

1.000 

.466 

1.930 

.455 

2.152 

.439 

2.200 

.410 

2.543 

.391 

2.3G7 

.374 

3.250 

.349 

4.206 

.310 

6.114 

.263 

9.200 

.241 

1/  "alcsn  arc c:.  Jeppson,  .  '..  107C.  Gelation  to  transient 
vertical  moisture  aove  .ent  t-esed  u  '.an  saturation- 


capillary  pressure  data  and  a  v.odiried  durdine  Theory, 
Progress  report  F1V.JG-59C-5 .  Utah  /ater  Research 
Laboratory,  Utah  Cits  to  University,  Logan,  Par.  data 
•..ere  smoothed  so  that  a  second  degree  polynomial  could 
be  passed  through  each  three  consecutive  values  v:it’nout 
erratic  oehavior. 


(Reproduced  from 
best  available  copy 


Lb: 


* 


9-10 


attributed  to  excessive  switching  of  the  Canivnlve  used  to  connect  the 
hydre.ulic  lines  lending  from  the  tensiometers  to  a  single  pressure 
transducer.  Tc  eliminate  the  excessive  switching  of  the  Sca.nivalve 
required  in  the  first  test,  only  two  tensiometers  were  used  during  the 
second  test.  These  tensiometers  were  located  at  a  3-inch  radius  from 
the  center  and  at  depths  from  the  surface  of  3  inches  and  S  inches, 
respectively.  Tata  scatter  was  essentially  eliminated  in  this  test. 

A  third  test  was  deemed  necessary,  since  saturation-time  curves  ob¬ 
tained  for  the  second  test  with  the  gamma  probe  did  not  correspond  closely 
to  the  saturation-time  curves  derived  from  the  capillary  pressure  data 
(for  the  second  test)  amd  the  capillary  pressure-saturation  curve  (Figure  4) 
developed  from  the  2 -inch  core.  The  discrepancies  noted  in  the  results 
of  the  second  test  were  attributed  to  the  possiliility  that  the  gamma  probe 
and  tensiometers  were  not  at  corresponding  elevations  in  the  sample  when 
readings  were  taxen.  The  third  test  was  run  S  weeKs  after  the  second 
test.  Two  tensiometers  were  located  near  the  center  of  the  sample  and 
at  a  depth  of  T  inches  below  the  soil  surface.  Extreme  cars  was  used  in 
placing  the  gamma  probe  exactly  at  the  same  elevation  as  the  two  ten¬ 
siometers.  Turing  the  test  the  gamma  probe  was  not  moved  from  that 
position.  A  better  agreement  was  achieved  between  saturation-time  curves 
obtained  with  the  gamma  probe  and  derived  from  the  capillary  pressure  data. 
The  capillary  pressure-time  curve  obtained  with  the  tensiometers  and  the 
saturation  time  curve  obtained  with  the  gamma  probe  are  illustrated  in 
Figure  7. 

3.  Mathematics!  I.'.'cdel  Data--The  solution  to  the  partial  differential  equa¬ 
tions  that  describe  transient,  one-dimensional  vertical  flow,  and  transient, 
three-dimensional  axisymmetric  flow  through  partially  saturated  coils  depends 
upon  obtaining  values  for  (a)  the  change  in  saturation  with  capillary  pres¬ 
sure,  (b)  the  relative  hydraulic  conductivity  (ratio  of  partially  saturated 
hydraulic  conductivity  to  saturated  .hydraulic  conductivity),  and  (c)  the  change 
of  relative  hydraulic  conductivity  with  capillary  pressure.  Of  these  needed 
quantities,  it  is  more  practical  to  obtain  capillary  pressure-saturation  data 
in  the  laboratory  or  field  with  tensiometers  and  either  hsutron  meters  or 
gamma  probes.  Hydraulic  conductivity-capillary  pressure  data  are  much 
more  difficult  to  obtain.  Consequently,  it  is  desirable  to  obtain  values 
for  relative  hydraulic  conductivity  ajid  the  change  of  relative  conductivity 
with  capillary  pressure  from  saturation-pressure  data*  or  from  some  func¬ 
tional  relationship  involving  pressure.  Such  functional  relationships  have 
been  proposed  in  the  literature;  i.  e. ,  the  Trooxs-Corey  Equation.  This 
relationship  did  not  give  close  agreement  to  the  data  obtained  from  the 
soil  taxen  from  the  Summit  on  the  Reynolds  Creex  Experimental  Watershed. 
However,  reasonable  results  are  obtained  'ey  using  a  modification  of  the 
Burdine  Theory  with  capillary  pressure-saturation  data. 
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Illustrated  in  Figure  3  is  a  comparison  of  the  observed  saturation-' 
pressure  data  (for  the  Summit  soil)  v/ith  that  given  by  the  BrooKS -Corey 
Equation.  i\  comparison  of  observed  hydraulic  conductivity-pressure  data 
with  that  obtained  by  the  SrooKs-Corey  Equation  end  with  that  obtaned 
from  saturation-pressure  data  through  the  modified  Burdina  Theory  is 
illustrated  in  Figure  S.  Since  better  agreement  to  laboratory  data  is  ob¬ 
tained  by  using  the  modified  Burdine  Theory,  it  has  been  incorporated  in 
the  mathematical  model,  rather  than  in  the  BrooKS-Corey  Equation. 

In  order  to  evaluate  quantitative  effects  on  the  flow  pattern  from  water 
applied  at  the  surface  of  a  circular  iruiltrometer,  comparisons  are  needed 
between  results  obtained  from  one-dimensional  vertical  flow  and  three- 
dimensional  axi symmetric  flow  models.  The  formulation  and  solution 
method  for  both  models  are  consistent  and  compatible.  For  the  data  ob¬ 
tained  from  the  lumrnit  soil,  results  obtained  from  the  two  models 
indicate  that  boundary  effects  on  circular  infiltrome ters  significantly  alter 
the  flow  pattern,  even  reducing  the  saturation  at  the  surface  centerline 
appreciably  over  that  which  would  exist  for  the  same  application  rate  over 
an  infinite  area. 

— -  Figures  10  and  :11  illustrate  the  capability  of  the  transient,  three-dimen- 

— • •  sional  axisymmetric  flow  model.  Isosaturation  lines  are  plotted  at  two 
different  time  steps,  r  =  K  t  (K  is  saturated  hydraulic  conductivity  and 
t  is  time).  For  the  problem  illustrated  in  Figures  10  and  11,  the  initial 
capillary  pressure  head  in  the  soil,  h  ,  is  -5.  0  feet  of  water,  and  the 
water  is  applied  over  a  circle  of  one-%ot  radius  at  a  rate  less  than  the 
intaxe  capacity  of  the  soil.  Consequently,  nowhere  does  the  soil  become 
completely  saturated. 

In  addition  to  Figures  10  and  11,  Figure  12  illustrates  in  another  manner 
the  effect  of  lateral  spreading  from  a  circular  infiltrometer.  The  satura¬ 
tion-time  curves  are  for  the  3-inch  depth  and  for  radii  which  are  con¬ 
sistent  with  the  curves  illustrated  in  Figure  6  for  the  laboratory  data. 

Comments,  Interpretations,  and  Future  Tims: 


1.  Instrumentation- -The  essential  instrumentation  components  have  been 
designed  or  procured.  The  major  unit,  the  rainfall  simulator -gamma 
probe-infiltrometer  is  in  complete  operational  condition.  This  unit,  with 
a  combination  of  needle  sizes,  and  air  and  water  pressures,  is  capable 
of  duplicating  the  median  drop  sizes  of  natural  rainfall  up  to  intensities  of 
over  4  inches/hour.  In  Figure  1,  the  drop  diameter  of  simulated  rainfall 
at  intensities  of  0.5  and  4.0  inches/hour  are  compared  with  those  of  natural 
rainfall.  The  control  of  drop  sizes  and  intensities  also  mane  it  possible 
to  produce  a  desired  rainfall  energy  even  though  terminal  velocities  are 
not  reached. 
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Each  of  the-  data  sets  obtained  on  density  by  the  PHD  system  at  three 
different  temperatures.  Table  1,  were  found  to  be  normally  distributed 
when  plotted  on  arithmetic  probability  paper.  In  addition,  an  analysis 
of  variance  was  made  to  test  significance  between  the  average  of  the 
three  data  sets  by  use  of  the  F-test.  The  ratio  of  the  variance  between 
samples,  S513,  to  the  variance  within  samples,  7432,  is  1.18.  For  2 
degrees  of  freedom  for  the  smaller  variance  and  57  degrees  for  the 
larger  variance,  the  value  of  F  for  -a  probability  of  95  percent  is  19.47, 
Since  the  variance  ratio,  1.18,  is  not  significantly  larger  than  1,  the 
difference  between  the  means  of  the  samples  is  not  significant. 

The  differences  in  variance  between  the  3  samples  is,  likewise,  not 
significant  since  the  variance  ratio  is  small;  i.  e. ,  F  =  cr  ^  /  a  2  ?  1.  56 
(Table  1).  Using  19  degrees  of  freedom  for  each  sample,  the  F  value 
for  a  probability  of  95  percent  is  2.14.  It  is  concluded,  therefore,  that 
the  observed  counts  (density)  obtained  by  the  density  gage,  utilizing  the 
PHD  system  is  not  significantly  affected  over  the  temperature  range  of 
37°  to  8GC  F. 

As  a  result  of  the  analysis  of  variance,  the  3  samples  of  data  (Table  1) 
were  combined  for  determining  the  random  errors  of  measurements  for 
1-minute  counts.  A  n  arithmetic  probability  plotting  of  the  combined  data 
is  shown  in  xTigure  2.  The  standard  error,  S.  E.  (standard  deviation  a), 
is  85  with  =  0.  33  percent.  The  probable  error,  P .  F.  (50  percent 
error),  obtained  from  the  Sf  E.  is  54  with  P.  E.  =  0.52  percent.  Using 
the  actual  values,  the  average  deviation,  A..D.  is  70. 

For  the  SC-percent  increase  in  saturation,  the  counts  decreased  from 
8675  to  7120  (mean  of  7738),  with  an  average  deviation,  A .  D . ,  of  41 
from  the  curve  of  equal  deviations  (Figure  3).  A  change  of  1-percent 
saturation  represents  51.  8  counts.  The  A .  D.  of  the  counts  is  0.  5 
percent,  corresponding  to  the  P.  F.  cf  0.  52  percent  for  the  first  test. 
The  probable  error  ia  measured  saturation  for  the  saturation  range 
from  55  to  85  percent  is  0.63  percent  or  (51.  3  /  0.  005)/41  =  0t0063. 


Data  obtained  on  saturation  by  the  rainfall  simulator-gamma,  prooc- 
infiltrometer  and  by  the  tensiometer-transducer  system  indicates  that 
procurement  of  such  data  can  be  reliably  obtained  in  the  field.  Satura¬ 
tion  and  tension  data,  will  be  obtained  in  che  laboratory  from  lo.rge,  un- 
distuibed  soil  cores  (5  feet  in  diameter  and  5  feet  deep)  before  initi¬ 
ating  field  data  procurement  this  coming  summer. 
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2,  Laboratory  Tata. — Results  obtained  in  the  initial  laboratory  tests 

at  Oregon  State  University  (Figures  4  and  5  and  Table  2)  on  the  2 -inch 
diameter,  disturbs.’.  Summit  soil  samples  demonstrate  (Figures  8  and  9) 
that  the  Broous-Corey  Equations  did  not  describe  very  well  the  soil's 
partially  saturated  behavior.  This  fact  led  to  the  modification  of  the 
Burdine  Theory  for  application  to  the  imbibition  phase. 

The  test  on  the  14-inch  diameter  disturbed  soil  core  was  conducted  for 
three  purposes.  The  first  objective,  as  mentioned  earlier,  was  to  try 
to  duplicate  the  results  that  were  obtained  with  the  2-inch  diameter 
disturbed  soil  core,  since  a  different  laboratory  and  different  equipment 
were  to  be  utilized.  The  second  objective  was  to  provide  data  to  test 
Jeppson's  transient,  one-dimensional  vertical  moisture-movement  model. 
The  third  objective  was  to  develop  testing  procedures  and  to  determine 
whether  or  not  modifications  to  the  equipment  were  necessary  to  obtain 
adequate  laboratory  and  field  data.  The  latter  objective  was  necessary 
since  the  Remolds  CresK  Rainfall  Simulator  Laboratory  was  a  new  facil¬ 
ity,  and  some  of  the  electronic  instrumentation  was  new. 

The  tests  that  were  conducted  on  the  (3C-inch  diameter  disturbed  soil 
sample  were  necessary  to  provide  data  to  test  the  transient,  three- 
dimensional  axisymrnetric  flow  model  and  to  further  perfect  testing  pro¬ 
cedures.  Two  major  problems  associated  with  the  data  obtained  from 
the  first  two  tests  appear  to  be  solved.  Excessive  scattering  of  the 
capillary  pressure  data  was  apparently  ca.used  by  excessive  switching  of 
the  Scanivalve.  Poor  agreement  between  saturation-time  curves  for  the 
gamma  probe  and  tensiometers  was  apparently  caused  by  a  discrepancy 
between  the  elevations  of  the  probe  and  the  tensiometer. 

In  the  interest  of  space,  only  the  more  pertinent  of  the  laboratory  data 
has  been  presented  and  discussed  here.  Tata  not  presented  here  include: 
(a)  data  obtained  from  the  14-inch,  one-dimensional  test,  (fc)  vertical 
spreading  data  from  the  first  axisymrnetric  test,  and  (c)  data  obtained 
from  the  second  axisymrnetric  test. 

3.  Mathematical  T.'odcl  Data-- As  mentioned  earlier,  the  Zrooxs-Corey 
Equations  did  not  describe  very  well  the  behavior  of  the  saturation- 
pressure  and  hydraulic  conductivity-pressure  trends  observed  for  the 
Summit  6oil.  A  modification  to  the  Turbine  Theory  provides  a  function¬ 
al  relationship  for  relative  hydraulic  conductivity  in  terms  of  pressure- 
saturation  data  that  gives  reasonably  close  agreement  to  the  laboratory 
data.  The  results  from  the  Burdine  Theory  are  given  by  the  following 
equation: 
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(1) 


where  is  relative  conductivity,  p  is  capillary  pressure,  and  S 
is  the  effective  saturation  defined  by  S  =  (3-S  )/Q-S  ),  in  which6 
S  is  the  residual  saturation.  The  latter  quantity  is  physically  the 
saturation  at  which  moisture  movement  steps,  but  it  is  generally  taKen 
to  be  the  value  that  gives  as  good  a  fit  as  possible  to  a  functional  re¬ 
lationship  between  3^  and  p. 


To  date,  the  Burdine  integrals.  Equation  (1) ,  have  been  applied  to  the 
case  of  desaturation  (drainage).  For  problems  dealing  with  imbibition 
(wetting).  Equation  (1)  must  be  modified,  since  capillary  pressure  p 
becomes  zero  for  values  of  S  slightly  less  than  unity.  This  would  re¬ 
sult  in  a  division  by  zero.  Two  modifications  have  been  introduced 
to  the  Burdina  integrals.  First,  a  constant  pressure  p  has  been 
added  to  the  capillary  pressure  p;  and  second,  the  upper  limit  of  the 
integral  in  the  denominator  has  been  changed  to  S  ,  a  value  that  has  a 
magnitude  slightly  less  than  unity  and  at  which  °  the  capillary  pres¬ 
sure  p  becomes  zero.  With  these  modifications  the  Burdine  integrals 
of  Equation  (1)  become' 


dS 
(P  + 


dS 

(p  +  p  )2 

o 


(2) 


The  introduction  of  3  and  p  results  in  additional  parameters  that  are 

o  o 

needed  to  describe  the  hydraulic  properties  of  a  soil.  A  value  of  S 
can  be  obtained  from  saturation-pressure  data  when  p  =  o.  Further 
studies  are  needed  to  relate  the  value  of  p  to  the  physical  properties 
or  to  some  measurable  hydraulic  characteristic  of  the  soil.  In  the 
absence  of  such  studies,  the  value  of  p  must  be  based  on  judgment 
that  is  guided  by  values  obtained  by  trial  for  soil  for  which  hydraulic 
conductivity-capillary  pressure  da.ta  arc  also  available. 
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From  analysis  of  the  limited  amount  of  data  from  the  Summit  soil,  it 
appears  that  values  for  the  relative  hydraulic  conductivity,  K  ,  are 
not  highly  sensitive  to  small  changes  in  the  value  of  P  ,  particularly 
in  the  region  in  which  K  is  not  too  much  less  than  unity.  It  is  be¬ 
lieved  that  a  reasonable  estimate  of  p  will  be  adequate  for  many 
applications  of  aquation  (2)  for  two  reasons.  First,  little  flux  move¬ 
ment  exists  in  regions  in  which  Kj.  is  very  small,  and  second, lacK  of 
sensitivity  exists  in  regions  where  K  approaches  unity.  '  Consequently, 
hydraulic  conductivity-capillary  pressure  data  will  not  be  ncccsse.ry, 
but  values  of  saturated  hydraulic  conductivity  will  be  required. 

The  saturation-pressure  data  (Table  2  and  Figure  8)  for  the  Summit 
soil  were  used  in  a  numerical  evaluation  of  Equation  (2).  Several 
values  of  p  were  used,  and  the  results  were  compared  with  the  con¬ 
ductivity-pressure  data  for  the  same  soil.  Laboratory  da.ta  indicated 

that  a  value  of  G  =  0.939  should  be  used  for  the  Summit  soil,  but 
o 

several  values  were  tested  in  the  mathematical  model.  Results  of  the 
evaluation  indicated  that  values  for  K  increased  with  larger  values  of 

T 

p  ever  the  entire  range  of  capillary  pressures.  Increases  in  K  were 
more  pronounced  in  the  regions  of  large  negative  values  of  capillary 
pressure,  p;  whereas,  decreases  in  the  value  of  S  increased  K  more 
marxedly  in  the  portion  of  the  curve  whore  p  approaches  zero.  Rela¬ 
tively  good  agreement  exists  between  the  values  of  K  determined  by 
Equation  (2)  (with  S  =  0.  939  and  p  =1.0  foot)  and  fhe  experimental 
data  (Figure  S).  Therefore,  Equation  (2)  has  been  implemented  in  the 
mathematical  models  of  partially  saturated,  transient,  one-dimensional 
vertical  flow,  and  three-dimensional  axisymmetric  flow  in  porous  media. 

The  mathematical  problem  of  one-dimcnsicnal  vertical  moisture  move¬ 
ment  through  soils  has  been  solved  for  this  study  by  finite  differences 
using  the  Cramx-Nicholson  method.  In  this  method  the  differences  at 
the  advanced  time  step  are  weighted  equally  with  those  at  the  current 
time  step.  This  technique  leads  to  an  implicit  method  that  is  stable 
for  all  incremental  time  steps,  and,  as  such,  requires  the  solution  of 
a  tridiagonal,  coefficient  matrix  to  advance  each  time  step. 

An  interesting  result  of  the  one-dimensional  study  on  the  Summit  soil 
sample  is  that  the  hydraulic  gradient  near  the  soil  surface  is  much 
greater  than  the  unit  gradient  that  exists  for  saturated  flow  in  a  ver¬ 
tical.  column.  The  magnitude  of  the  gradients  above  unity  in  the  par¬ 
tially  saturated  flow  arc  the  result  of  capillary  forces. 

A  number  of  one-dimensional  solutions  was  obtained  by  specifying  sev¬ 
eral  applica.tion  rates  and  initial  values  of  hydraulic  head,  h  ,  to 
correspond  to  specifications  used  in  obtaining  solutions  to  similarly 
formulated,  three-dimensional  axisymmetric  problems  of  flow  from 


9-16 


circular  infiltromotors.  The  saturation  at  the  surface  centerline  of 
the  three  dimensional  ?ad symmetric  problems  is  greater  than  anywhere 
else  at  the  soil  surface,  as  illustrated  in  Figures  10  and  II.  In  fact, 
saturation  approaches  initial  saturation  at  some  distance  from  the  infil- 
trometer  ring,  but  it  also  decreases  within  the  ring. 

For  all  problems  at  all  time  steps,  the  magnitude  of  the  saturation  for 
for  the  three-dimensional  axisymmetric  case  is  less  than  that  for  the 
equivalent  one-dimensional  problem.  The  decrease  in  saturation  for 
the  three-dimensional  case  can  be  attributed  to  the  radial  component  of 
velocity  removing  some  water,  even  at  the  centerline.  The  radial  com¬ 
ponent  of  velocity  appears  less  significant  for  lower  rates  of  applica¬ 
tion,  particularly  if  a.  low  rate  of  application  is  specified  in  conjunction 
with  a  relatively  large  value  (small  in  absolute  value)  of  initial  hydraulic 

head  h  . 
o 

The  influence  of  the  radial  component  of  velocity  (or  the  spreading  ef¬ 
fect)  is  different,  depending  upon  the  point  being  considered.  The  satu¬ 
ration  at  the  surface  near  the  infiltrometcr  ring  will  be  less  than  at  the 
centerline.  Table  2  gives  a  comparison  of  saturation  at  the  soil  sur- 
facc  from  one— dimensional  solutions  with  those  at  the  surface  centerline 
-inti  ai  ike  ini-iltro'rnctsr-  ring  from  equivalently  specified  three-dimen¬ 
sional  axisymmetric  problems. 

Also  of  interest  is  the  manner  in  which  the  saturation  incree.sc-s  at  a 
point  within  the  soil  profile  as  a  function  of  the  application  rate  and  of 
the  initial  condition.  The  point  selected  for  illustrative  purposes  is 
the  soil  surface  for  the  one-dimensional  problem.  Values  for  the  ratio 
of  saturation  at  the  surface  divided  by  the  initial  saturation,  also  on  the 
surface,  have  been  plotted  (not  shown  here)  against  the  application  rate 
for  several  time  steps.  On  these  figures  different  values  of  initial 
hydraulic  head  define  separate  curves.  These  figures  illustrate  (a) 
how  the  saturation  on  the  surface  increase^  with  smaller  values  (large 
in  absolute  value)  of  initial  hydraulic  head  and  (b)  how  the  surface  satu¬ 
ration  increases  with  larger  rates  of  application. 

Future  plans  concerning  the  laboratory  worn  include  extracting  a  14- 
inch  diameter  core  from  the  60ciach  diameter  disturbed  Summit  soil 
sample  that  was  last  tested.  The  14-inch  core  will  be  tested  under 
one-dimensional  vertical  moisture  movement  conditions  to  obtain  hydrau¬ 
lic  conductivity-capillary  pressure  data.  These  data  will  be  used  to 
test  further  the  modified  Burdine  Theory  that  was  mentioned  earlier. 

At  the  time  the  14-inch  core  is  extracted  from  the  larger  sample, 
gravimetric  samples  will  be  taicen  to  determine  the  exact  bulx  densi¬ 
ties  and  porosities  at  various  depths. 


TABLE  3.“-  Comparison  of  saturation  at  the  soil  surface  from  one-dimensional  solutions  wtLh  those 
at  the  surface  centerline  and  at  the  in  f i Itromcter  ring  from  cquiva  lent ly  specified 
~throe-d  imans  iona  1  ax  t  symmetric  problems. j/ 
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saturation-capillary  pressure  data  and  a  modified  Burdine  Theory.  Progress  report 
Utah  Water  Research  Laboratory,  Utah  State  University,  Logan. 
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Following  the  test  for  conductivity-pressure  data  on  the  14-inch  core, 
tests  will  be  conducted  on  a  series  of  32-inch  diameter,  undistributed 
soil  cores  taKen  from  several  different  locations  on  the  Reynolds  Creek 
Experimental  Watershed  that  contain  different  soil  types.  Four  of 
these  cores  have  already  been  extracted.  Plans  call  for  obtaining  two 
more  of  the  large,  32 -inch,  undisturbed  soil  cores.  Saturation-pres¬ 
sure  data  will  be  obtained  from  each  core  in  the  Reynolds  CreeK  Rain¬ 
fall  Simulator  Laboratory  by  using  the  rainfall  simulator-gamma  probe- 
infiltrometer  and  the  tensiometer-transducer  system.  Since  the 
modified  Burdine  Theory  appea.rs  to  give  adequate  values  of  relative 
hydraulic  conductivity,  present  plans  do  not  call  for  obtaining  conduc¬ 
tivity-pressure  data  from  the  undisturbed  soil  cores.  Data,  on  satura¬ 
ted  hydraulic  conductivity  will  be  required. 

After  data  have  been  obtained  from  each  undisturbed  soil  core,  the 
sample  will  be  broken  up,  gravimetric  samples  will  be  taKen,  and  a 
disturbed  sample  will  be  formed.  Saturation-pressure  data  will  then 
be  obtained  for  each  disturbed  sample.  Comparisons  between  the  data 
from  the  undisturbed  and  disturbed  samples  can  ha  made,  in  addition 
to  further  analyses  of  the  hydraulic  properties  ;  me  different  soil 
types.  An  attempt  will  be  made  to  determine  p— ametric  equations  that 
adequately  describe  the  hydraulic  properties,  especially  the  saturation- 
pressure  characteristics,  of  the  Reynolds  CreeK  soils. 

Following  the  laboratory  studies  described  above,  further  use  of  the 
mathematical  models  will  be  made.  Parameter  optimization  will  be 
incorporated  into  the  models  to  determine:  (1)  the  parameters  in  the 
saturation-pressure  relationships  that  evolve  from  analyses  of  the  lab¬ 
oratory  data,  and  (2)  the  saturated  hydraulic  conductivity.  The  labora¬ 
tory  data  will  provide  a  check  on  the  parameter-optimization  results. 

If  parameter  optimization  is  successful,  then  less  field  data  will  be 
necessary  in  future  studies. 

Future  plans  concerning  field  work  include  in  situ  tests  using  the 
rainfall  simulator  and  its  associated  gamma  probe  at  various  locations 
that  include  different  soil  types  on  the  Reynolds  Creek  Experimental 
Watershed.  The  field  data  will  be  used  to  satisfy  three  objectives. 
First,  a  field  verification  of  the  transient,  three-dimensional  eoci sym¬ 
metric,  partially  saturated  flow  model  is  needed.  Second,  tensiometers 
win  be  installed  at  some  of  the  test  sites  to  provide  field  da.ta  to  fur¬ 
ther  verify  the  use  of  the  modified  Burdine  Theory  and  parameter  optir- 
mization.  Third,  for  different  initial  soil  moisture  levels,  field  tests 
will  be  conducted  to  determine  the  potential  quantity  of  wo.ter  retain¬ 
able  by  various  soil-vegetation  complexes,  and  the  potential  quantity 
that  is  independent  of  infiltration. 
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DROP  DIAMETER  (mm.) 

Figure  1.  Cur.ulative  percent,  by  ’..eight,  of  ?  inulatcd  and 
natural  rainfall  in  relation  to  drop  dianoter* 


PERCENT  OF  READINGS  GREATER  THAN  ABSCISSA 


Figure  2« 


Probability  of  one-minute  gaxana  probe  counts  obtained 
with  magnesium  standard  (Twenty  readings  at  37°?,  73°K, 
and  80°F.)# 


9000 


■/*>  ^ 


/ 


Figure  3*  Average  gamma  probe  counts  per  minute  (four® 

minute  readings)  during  passage  of  wetting  front 
at  four  inches  below  soil  surface* 
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4.  Laboratory  saturation-capillary  pressure  curves  for  Summit 
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Figure  5.  Laboratory  intrinsic  permeability-capillary  pressure  curves  for  Summit  soil 


ELAPSED  TIME  IN  MINUTES 
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SATURATION  IN  PERCENT 

Figure  6.  Observed  effect  of  lateral  spreading  from  a  circular 
infiltrometer  at  a  depth  of  3  inches  in  a  disturbed 
Summit  soil  sample. 


ELAPSED  TIME  IN  MINUTES 


CAPILLARY  PRESSURE  IN 
CM.  OF  WATER 


Figure  7.  Observed  time  variations  of  capillary  pressure  and  saturation  at 
a  depth  of  A  inches  in  a  disturbed  Summit  soil  sample. 


RATIO  OF  eUBBUNG  PRESSURE  TO  CAPILLARY  PRESSURE { pb/p> 
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Figure  8.  Comparison  of  obseirved  saturation-pressure  data 
for  Summit  soil  with  that  predicted  by  the 
Brooks -Corey  equation. 
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Figure  9,  Comparison  of  observed  hydraulic  conductivity¬ 
capillary  pressure  data  with  that  obtained  by 
the  Brooks-Corey  equation  and  that  obtained 
from  saturation-capillary  pressure  data  through 
a  modified  BurdJLne  integral. 
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Figure  11.  Predicted  lso-saturatlon  lines  at  t<  '  step  T“  2.085  for  flow  from  a  circular  Inf litre  er 
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Figure  12.  Predicted  effect  of  lateral  spreading  from  a  circular 
inf iltrometer  at  a  depth  of  3  inches. 
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CRIS  Work  Unit  No.:  SWC-011-f 3o-l 


Code  No.  Ida-Eo-106.1 


Title: 


Natural  evaporation  from  sagebrush  range¬ 
lands,  alfalfa,  and  stock  ponds  in  a  seniarid 
environment. 


Location : 


Northwest  Watershed  Research  Center, 
Boise,  Idaho. 


Cooperation : 


The  University  of  Idaho  will  furnish  a  port¬ 
able  micrometeorological  instrument  trailer 
for  initial  acquisition  of  data  at  study 
sites  in  the  Reynolds  Creek  Experimental 
Watershed. 


Personnel : 


L.  M.  Cox  and  V/.  R.  Hanon ;  G.  H.  Belt, 

U  liversity  of  Idaho,  School  of  Forestry 


Date  of  Initiation:  Noven^gr , 1968 . 

Expected  Termination:  November ,  1973 
Objectives : 

1.  To  determine  the  evaporative  loss  of  water  from  sage¬ 
brush  rangelands,  irrigated  alfalfa,  and  stock  ponds 
while  observing  pertinent  mexeorological  parameters  and 
the  soil  moisture  status. 

2.  For  predictive  purposes  to  develop  relationships  for 
associating  the  evaporative  loss  with  meteorological  param¬ 
eters,  type  and  degree  of  surface  cover,  soil  moisture, 
and  potential  evaporative  demand. 

Need  for  Study: 

The  water  and  attendant  sediment  yielded  from  a  watershed  or 
land  area  represents  a  balance  between  that  entering  the  area 
as  precipitation,  that  stored,  and  that  lost  through  the  proc¬ 
esses  of  evaporation  and  transpiration.  For  semiarid,  sage¬ 
brush  rangelands,  as  represented  by  50  million  acres  in  the 
Northv/est,  the  percentage  of  available  water  lost  to  evapotran- 
spiration  is  around  95  percent  where  the  yearly  precipitation 
is  near  10  inches.  At  higher  elevations  with  annual  precipi¬ 
tation  of  30-35  inches,  and  where  the  major  portion  of  precipi¬ 
tation  occurs  as  snow,  as  little  as  50  percent  of  the  total 
available  water  is  lost  to  evapotranspiration* 

In  the  extremely  low  precipitation  areas  there  is  need  to  con¬ 
serve  all  the  moisture  and  provide  as  dense  a  cover  as  possible 
to  prevent  excessive  erosion  when  convective  rainstorms  occur* 

The  August  storms  of  1968,  produced  2  to  3  inches  of  precipita¬ 
tion  and  sediment  yields  of  2  to  5  tons  per  acre  on  such  lands. 

In  higher  precipitation  areas,  a  potential  exists  for  improving 
management  and  increasing  forage  yields  for  a  greater  site 
utilization  of  available  water. 
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A  predictive  capability  dor  the  runoff  and  sediment  that  can 
be  expected  f  ro..i  rangelands  is  required  by  the  Soil  Conservation 
Service,  the  bureau  of  Land  management ,  and  land  owners  to  car/ 
out  multiple-purpose  management  of  these  areas,  and  to  optimize 
forage  production,  water  yields,  sediment  reduction,  wildlife 
protection,  and  recreational  potential*  A  complete  understand¬ 
ing  od  the  evaporative  process  is  essential  for  developing  pre¬ 
dictive  relationships  dor  die  evapotrr.nspiration  component  dor 
definable  soil-vegetation  completes  under  a  particular  level  of 
management  % 

A  capability  od  measuring  and  predicting  the  water  lost  by  evapo 
transpiration  is  required  to  apply  an  infiltration  model  in  the 
prediction  of  the  surface  runoff  component  and  resulting  sedimen 
yield  from  any  land  area*  I:. proved  management,  based  on  a  Icnov;- 
ledge  od  available  water  and  the  physical  factors  controlling 
the  amount  of  waver  lost  to  evapotranspiration ,  can  reduce  the 
sediment  loss  by  possibly  5G  percent  in  the  3-  to  12-inch  pre¬ 
cipitation  zone  and  possibly  increased  forage  yields  by  as  much 
as  30  percent  in  the  20  to  30-inch  precipitation  zone*  Improved 
efficiency  in  the  design  of  rater  retention  structures  mill 
result  from  improved  estimates  of  runoff  <:nd  sediment  since  the 
estimates  of  soil-water  storage  mill  be  improved  v;ith  better  in¬ 
formation  on  evapotranspiration  losses. 

Design  of  Experiment  and  Procedures  to  be  F oil owed : 

The  evapcra.tion  and  evapotranspirat ion  studies  mill  be  conducts 
in  the  ouedoor  hydrology  laboratory  od  the  Ilcrthwect  "bate reived 
Hescarch  Center— ueynolds  Creek  Experimental  "Watershed,  Proce¬ 
dures  for  measuring  and  predicting  evapotranspiration  must  cope 
v/ith  sparse  vegetation  cover,  and  unsaturated  surfaces* 

The  primary  measurements  to  be  obtained  in  the  field  v;ill  be 
those  concerning  the  various  parameters  contained  in  combination 
formulas  for  estimating  evapotranspiration.  (Gee  1963  Annual 
deport.)  In  addition,  profiles  od  triad  and  temperature  along 
v/ith  humidity  at  tv  jo  levels  dor  Gotten  ratio  calculations  t/ill  be 
obtained.  Specif ically ,  the  air  tenpera.ture  trill  be  sensed  at 
elevation  zQ  r.iiera  the  logarithmic  wind  orofile  extrapolates  to 
V  =  0. 

The  required  meteorological  data  trill  be  complemented  by  data  on 
soil-heat  storage;  soil  heat  flux;  soil  moisture;  type,  height, 
and  cover  of  vegetation;  soil  type;  and  percentage  of  rock  pave¬ 
ment*  The  vegetation  and  soil  data  trill  be  used  for  designating 
definable  soil-vegetatien  units.  The  evaporative  performance 
of  these  units  as  related  to  existing  meteorological  conditions 
mill  be  used  for  specifying  a  predictive  model. 

The  energy  balance  and  bovren  ratio  procedure  using  hT  and  £e  at 
two  heights  v/ill  be  used  to  obtain  independent  measurements  of 
evapotranspiration  where  applicable.  Also,  independent  meas¬ 
urements  of  evaootransmira cion  will  be  made  from  coil  moisture 


Reproduced  from 
best  available  copy. 


. 
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determinations  and  f  rom  lysine ter s  .  Coil  moisture  data  -will  be 
obtained  by  neutron  and  gamma  Gene  ore  from  access  tube  networks 


on  definable  soil 

. -vegetation  complew.es.  L 

.ysimeters 

of  the  hy- 

d  r  a  u  1  i  c  -  we  i  g  h  i  n  g 

type  have  been  installed 

at  several 

study  sites, 

These  lysine tors 

consist  of  an  inner  tank 

(5  feet  in 

diameter 

and  6  feet  deep) 

of  undisturbed  soil  that 

rests  on  a 

coil  of  2- 

inch  butyl  tubing  billed  nit h  liquid  and  housed  in  on  outer  tank, 
The  butyl  tubing  is  connected  to  a  nanometer  or  pressure  trans¬ 
ducer  tor  monitoring  pressure  changes  resulting  from  the  loss  or 
addition  of  'water* 

Preliminary  data  on  temperature,  humidity,  and  wind  profiles  and 
on  energy  components  have  been  obtained  as  a  cooperative  endeavor 
with  the  Department  of  forestry,  university  sf  Idaho.  This  co¬ 
operation  will  be  continued  to  test  measurement  apparc tus  and 
sensors,  end  to  obtain  data  for  evaluating  transfer  coefficients 
for  dry,  sparsely  vegetated  areas* 

E:soerimcntal  Data  and  Observc.tions  : 

Ly si me ter  Data 

Lysimeter  data  were  collected  only  from  the  Cheep  Creek  Ztiidy 
Cite,  and  they  'were  of  marginal  quality  because  of  pressure  re- 
cor ding  or ob lems * 

The  lysimeter s  in  the  irrigated  alfalfa  field  were  completely 
engulfed  by  a  high  water  table  because  of  a  leak  in  the  outer 
instrument  tank. 

The  lysimoters  at  Reynolds  Mountain  required  servicing  follow¬ 
ing  the  winter,  but  late  season  snowdrifts  made  it  impossible 
to  move  a  crane  to  the  site  until  late  summer*  Consequently , 
the  high  evaporative  losoes  that  occur  during  the  spring  season, 
when  soil  moisture  is  available,  were  not  measured. 

Coil  moisture  Data 

Coil  moisture  dr.ta  collection,  along  with  precipitation  and  run¬ 
off,  wac  continued  for  the  networks  in  the  Cut. mb. t ,  Cheep  Creek, 
and  the  _.eynolds  Mountain  study  basins.  Coil  moisture  data 
collection  was  concluded  in  Cummings  field  { Ground-water  Ctudy 
Casin) ,  Information  on  these  networks  is  contained  in  Table  2, 
p.  1-5,  additional  .  soil  moisture  sites  ere  installed  during 
1570  for  use  in  studies  under  ke search  Cutlines  Ida-Cc-105,4 
and  1C5.6, 

All  soil  moisture  data  have  been  placed  on  cards  for  data 
handling  and  analysis* 

Energy  budget  Measurements 

During  the  late  spring  of  1959,  Dr.  George  belt  of  the  University 
of  Idaho , obtained  energy  budget  and  meteorological  data  at  three 


p 


IC-d 


r.ites  in  the  Reynolds  Creelc  Watershed  as  part  of  a  cooperative 
study.  Comnenas  on  these  data  acre  made  in  the  1369  Annual 
Report.  The  data  were  used  during  the  past  year  in  an  analysis 
of  evapotranspiration  from  sagebrush  rangeland. 

Comments,  Interpretations  and  Future  Rians: 


I^y  s  ii 


ter 


Temperature  induced  pressure  fluctuations  arc  still  a  problem 
in  the  pressure  recording  systems  used  dor  the  soil  lysimeters, 
Weekly  data  is  about  the  rest  these  systens  are  good  dor,  and 
then  only  during  periods  v;hcn  evaporative  losses  are  high.  Con 
tinuous  pressure  readings  may  be  impossible  without  a. c. power. 

A  study  is  currently  underway  dor  testing  the  possibility  of 
using  a  d.c.  pressure  transducer  currently  being  used  by  snov; 
research  people.  Consequently,  the  recording  systems  will  be 
changed  to  weekly  rp.anOi.ic trie  measurements  until  this  study  is 
completed. 

Soil  Moisture 


Coil  r.'.oisturc  data  collected  since  19 6d  on  the  Cunnit,  Cheep 
Creek,  and  Reynolds  Mountain  study  be  sins  fill  be  analyzed  duri 
1971  in  connection  with  studies  under  cscarch  Outline  1C5.A. 
The  soil  moisture  data  obtained  a.s  part  of  the  study  under 
Research  Outline  Ida-do-103.3  have  been  analyzed  in  assessing 
the  v;c  ter  balance  or  art  irrigat 
Outline  dor  comment)* 


:e  ri; 


.if] 


(Refer  to  this  latter 
Watershed  Cvaoctransairat ion 


Precipitation  data  obtained  from  dual  precipitation  gage  sites 
(shielded  and  unshielded  gages)  have  been  used  in  a  computation 
model  to  obtain  realistic  values  of  atmospheric  precipitation, 
(Oee  Research  Outline  Ida-do-102 .1 ) .  evapotranspiration,  C.T. , 
estimates  for  the  rater  year  of  1369-70  have  been  obtained  for 
4  sub-watersheds  in  the  Reynolds  Creel:  Watershed  by  use  of  the 
v;atcr  balance  equation,  v:ith  storage  changes,  '0,  neglected,  as 
noted  in  Teole  1, 


Prom  Table  1,  the  ratio  of  d,.' 
pressed  as  a  percentage, ,  ranged  from  10053  in  the  Commit  basin 
to  6753  in  the  higher  elevation  area  o.;  the  Toligr.te  Watershed, 
Also, 


Tor  the  s;nc  areas,  the  evapotranspiration ,  expressed  as 


a  percentage  cf  "potential"  evapotrar.soaration . 
to  6753. 


miged  from  27 


As  the  above  indicates,  water  balance  commutation  c^.n  be  made 
for  wa.tershcds  to  obtain  yearly  values  of  evapotrenspiratien 
for  verification  of  independent  procedures  for  estimating  water 
shed  ova ootransoiration* 
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Table  1 .  batershed  cvaoptransoiraticn  for  the  wate r 
year  1969-70. 


hater shed 
and 

Elevation  dange ,  “t. 

Precipitation 

^  CwAtioLi  cod  ^ 

dun off 

-  -  Inch 

A^ 

es  - 

•O  #  b.  • 

o  -  v  1/ 

Summit 

(4180-4300) 

10.00 

0 

0 

10.00 

37 

Lower  Chcco 
(5200-5423) 

T  /'  r* 

^  ^  o  o 

0.03 

0 

14.35 

32 

Salmon 

(3675-62CG) 

13.35 

3.45 

0 

15  .40 

Toll gate 

(46C0-73C0) 

30.65 

10.14 

c 

20.51 

25 

b v ap o t an s p i  rati  on  be  ti na tec 

The  field  data  obtained  by  micro-meteor ological  instrumentation, 
as  a  cooperative  errors  with  the  University  or  Idaho,  in  the 
into  spring  of  1369  have  been  analysed  to  obtain  radiation 
balance  estimates,  and  to  compute  evapotran_>pira  ;i  on  by  the 
bowen  ratio  method  and  by  energy  balance  equations. 


At  the  lot:  sagebrush  Cheep  Creel;  site,  under  clear  shies,  the 
surface  albedo  mas  observed  to  be  relatively  ccnsto.nt  at  1C.0 
+  1  percent.  Hot  radio  t  ion, ,  dn ,  me  found  jo  be  a  linear 
function  (r  ~  3.33)  of  incoming  solar  radio tion,  Chi,  and  can 
be  expressed  as: 


Rn  =  0.113  -  0 .7-19  Chi  (1) 

where  and  Ciil  arc  given  in  Ly./i.in.  Cn  cloudy  days  a  similar 
relationship  e:cists,  but  there  is  mere  scatter  in  the  data* 

Even  so,  Pn  can  be  estimated  with  reasonable  accuracy  (+  C.03 
Lys.)  by  use  of  equation  1.  A  close  correlation  was  also  found 
between  the  coil  heat  flu;:  and  net  radiation.  (Cample  data  are 
contained  in  a  Research  deport—). 

1/  P.E.T.  represents  potential  ovapotranspiration.  Values 
extracted  from  1963  Annual  deport* 


2/  belt,  G.  H.  Goring  bvepoiranspiratien  from  Low  Sagebrush 

Flange  in  C  out  hern  Idaho,  deseo.rch  Project  Technical  Comple¬ 
tion  ’deport,  hater  desources  desearch  Institute,  University 
of  Idaho,  Los cow,  Idaho  (October,  1970) 


Reproduced  from 
I  best  avndflble  copy. 
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The  relic  ion  2  hip  of  evapotranspiration,  LE ,  to  net  radiation, 

I?_,  for  the  1 o; r  sagebrush  site  where  water  v:as  Uniting  yields 
tne  regression  equation 

LE  =  C.3'12  Hn  +  G.14  (2) 

v?ith  an  r  value  of  0.77  and  standard  error  of  estimate  of  22 
Ly  ./Day  or  a  rpronina  rely  a  2C-3C  percent  error, 

Hates  of  e vapotr anspi rat icn ,  E.T.,  on  an  avert gc  daily  basis, 
at  the  Gheop  Creel;  cite  during  June,  were  estimated  using  the 
energy  balance-Eowen  ratio  procedure,  /average  daily  E.T.  rates 
ranged  from  0,05  to  0.12  inch  under  differing  conditions  of  soil 
reoictu.ro  and  radiant  energy  supply.  Latent  energy  flue:  accounted 
for  23-46  percent  of  net  radiacion  during  daylight  hours,  foil 
heat  flu::  v;as  relative!;/  constant,  11-15  percent  of  net  radia¬ 
tion.  On  all  hut  one  of  the  6  days  of  observations,  more  energy 
v;as  partitioned  into  sensible  heat  than  latent  heat  indicating 
that  soil  moisture  availa jili cy ,  not  energy  availability,  was 
the  limiting  factor  curing  this  period.  This  v:a s  true  even 
though  significant  amounts  of  precipitation  and  overcast  con¬ 
ditions  occurred  during  the  period  of  measurement# 

Hourly  variations  in  computed  E.T.  mere  the  result  of  changes  in 
the  3owen  ratio.  The  magnitude  of  the  ratio  is  determined  by 
both  vapor  oressure  and  temperature  gradients,  the  latter  beinr 
the  more  variable.  Variation  in  temperature  gradients  are  cor 
latcd  with  mean  mind  velocity  during  overcast  conditions,  but  are 
primarily  determined  by  the  net  radiation  flu:;  during  clear  skies. 

Comparison  of  methods  for  Estimating  , 

Evopotranspiration  on  Cemi-arid  Lands  in  Idaho-/ 

Micrometeor ological  data  obtained  from  several  sites  in 
the  Reynolds  Creek  Experimental  batershed  have  been  used  to 
evaluate  various  e vapotranspirat i on  (E.T.)  formulas  for 
applicability  in  the  dry-land  situation  where  non -saturated 


3/  Computations  and  -analysis  by  Er .  George  .clt,  College  of 
forestry,  University  cf  Ids  ho. 
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soils  dominate.  Bowen  ratio,  energy  balance-aerodyn£*nic , 
and  combination  equations  as  presented  oy  Tanner  and  Fuchs£/ 
and  Fuchs,  et«  al.5/  have  been  used  to  obtain  estimates  of 
E.T.  These  equations  are  given  below : 

Bowen  ratio 


- 

t  *i  -  «*) 

Energy  balance 


+  fi  Cf>  !r\  (T0  -  Tz)  (2) 

Slatyer-i!cIlroy 

t  v  (3) 

Pot.  E.T. 

£)»=  <4> 

Gen.  Combination 


=  ~[(r+s)/s] -tifCpIs)  h  (t0  -  ?a)  (5) 


4/  Tanner ,  C.  E.  and  Fuchs,  M.  1968 .  Evaporation  from  un- 

saturated  surfaces:  A  generalized  combination  method. 

Jour,  of  Geophys.  Fes.  Vol.  72,  N’o.  4.  (February  15). 

5/  Fuchs,  r-. . ,  Tanner,  C.  B.,  Thurtell,  G.  TJ.,  and  Block,  T.  A. 
1969.  Evaporation  from  drying  surfaces  by  the  combina¬ 
tion  method.  Agronomy  Journal  (Jan. -Feb.) 


*|  rr  c 
lv  — o 

i:ore  detailed  explanations  of  theca  .formulae  './ith  list  of 
svmeols  cm  he  found  in  che  referenced  papers.  Table  1  summar¬ 
izes  the  dace,  requirement  of  the  esxim:  cine,  equations  (equation 
1,  2,  3,  and  5)  and  the  equation  for  potential  evapotranspira- 
t i on ,  e  qua c i on  d . 


Table  2 


i  let  hod  Equa.  cion  Data  Required 


1 

vz 

d 

e 

o 

Q 

a 

1  3 

Z 

i 

o 

T 

“a 

z 

ih 

R 

n 

V 

Bowen  ratio  j  (1) 

:: 

;c 

X 

:c 

:: 

Energy  balance  j  (2) 

:: 

*  a 

:: 

:: 

— 

1  ' 

G-i!  Combination  i  (3) 

-  L  ... 

^  r 

V 

^  i 

1 

Potential  E.T.  !  (•_■) 

1 

:c 

;c 

;; 

Ten.  Combination  j  (5) 

1 

2^ 

Lib 

"\r 

- 

X 

:c 

The  exchange  coefficient,  h,  is  de:-ined  as: 

h  =  k2  V  g+  In  (z  +  D)/Z0]  -2  (5) 

where  4>=f(Ri)  and  lb  =  f(TQ,  T,  ,  Va,  Vz)  (5a) 


Primary  differences  in  the  data  requirements  for  chc  estimating 

equations  in  Table  2  can  ^e  s  uniear  iced  as  follows: 

pressure 

1.  The  bcv.en  ratio  method  requires  measurement  of  vaper/at  a 
second  level,  but  nox  an  evalaacion  of  h. 

2*  The  energy  balance  -  aerodynamic  method  requires  numerical 
evaluation  of  h,  and  surface  com  erature  out  no  measure¬ 
ment  of  vapor  pressure. 

4  ocJw^aCt*  0V\  Kj 

3.  The  Glatyer-iicllroy  combination  method  requires^ surf ace 
temperature,  and  surface  vapor  pressure. 

d .  The  generalised  combination  method  requires  a  numerical 
evaluation  of  h  and  surface  temperature. 


The  energy  balance  -  aerodynamic  and  combinaxi on  formulas  re¬ 
quire  evaluation  of  h,  by  use  of  che  ICE7PE  function.  This 
procedure  requires  evaluation  of  temperature  and  velocity 
gr-.dients,  and  calculation  of  chc  Richardson  Humber.  In  this 
study,  TQ  was  obtained  by  statistically  fitting  the  air  xemp- 
erature  profile  by  assuming  similarity  with  the  wind  profile. 


I  Reproduced  from 
I  bent  available  copy. 
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Dy  this  method,  the  temperature,  TQ,  v;as  obtained  at  height  zQ 
where  the  v.ind  velocity  er.trapclc.tec  to  zero  -  not  ground 
surface  temperature  as  used  'ey  Tanner  end  fuchs— ' . 

In  figures— '  1,  2,  end  2,  2.T.  estimates  obtained  by  the  energy 
balance  and  combination  equations  from  an  irrigated  alfalfa  field, 
a  big  sagebrush  site,  and  a  lo.  sagebrush  site  are  compared  vrith 
those  obtained' by  the  boxen  ra  tio  method.  The  graphs  for  the 
irrigated  alfalfa  field  contain  data  obtained  only  under  lapse 
conditions.  The  fearer  data  points  from  the  irrigated  site 
result  from  using  cL.ta  free  of  advective  heat. 

Differences  between  estimates  appear  to  be  the  result  cf 
variations  in  data  required  oy  the  several  formulas  coupled  v/ith 
experimental  error,  a  significant  'Oint  concerning  the  irriga¬ 
ted  alfalfa  da.ta  is  the  good  agreement  of  the  several  estimating 
methods.  The  principal  source  of  e:sper ivr.cn tal  error  nas  in  the 
measurement  of  the  vapor  pressure  gradients.  In  the  case  of 
the  irrigated  field,  vat or  pressure  gradients  mere  substantially 
greater  (appro::.  0.2nb.)  than  at  the  other  two  sites.  It  is 
tentatively  concluded  that  the  more  accurate  measurement  of 
vapor  pressure  resulted  in  the  good  agreement. 

At  both  sagebrush  cites,  figures  2  and  3,  the  Tov:en  ratio  pro¬ 
cedure  yielded  estimates  of  C.T.  smaller  in  magnitude  than  the 
other  methods.  Greater  scatter  of  points  at  these  dry  cites  is 
also  obvious.  As  stated  above,  this  is  probably  due  to  the 
lesser  accuracy  in  measuring  vapor  pressure  gradients. 


Grrors  in  the  exchange  coefficient,  h,  arc  a  potential  source 
of  bias  explaining  departure  of  G.T.  estimates  from  the  1:1 
line  in  figures  2  <;.nd  3.  Comparison  of  exchange  coefficients 
can  be  made  by  use  of  the  dimensionless  coefficient  IC-*, 
defined  as : 


‘V 


Kn 


du 

dZ 


(z 


(°) 


where  KB  =  K  (Z2  -  Za) 

(Tz  ”  f  cp 

and  H  is  calculated  by  the  ..aver,  ratio  method.  Va.le.ec  of 
mere  used  to  compare  data  from  this  study  v/ith  the  dimensionless 
form  of  the  ITbYfG  erchanre  coefficient  and  similar  coefficients 


6/.  figures  follov;  p.  10-H 
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obtained  by  Pruitt  and  Aston -/  from  the  Davie  lysineter,  These 
data  plotted  in  figure  A,  although  exhibiting  considerable 
scatter,  suggest  that  the  exchange  coeds icicnts  obtained  from 
the  IGL7PG  function,  and  used  in  equations  2,  3,  and  5  are  or 
reasonable  magnitude.  The  lack  of  any  systematic  bias  suggests 
that  the  coefficients  are  not  responsible  for  the  systematic 
differences  between  bouen  ratio  G.T.  estimates  and  estimates 
by  equations  using  the  transfer  coefficient  for  the  sparsely 
vegetated  rangeland  sites. 

The  estimating  equations  vere  evaluated  assuming  equality  of 
exchange  coeff icients .  equation  1  assumes  T^j  -  K~  and  2,  3, 
and  5  assume  IC^  =  •  b'hile  recognizing  that  other  assumptions 

may  be  appropriate,  particularly  at  the  more  unstable  P.ichardson 
Humber,  kg,  neither  the  c:p>erinental  results  obtained  ncr  the 
literature  provide  a  satisfactory  alternative  assumption*  Since 
the  1:1  relationship  for  the  irrigated  sice  is  significantly 
better  than  those  of  che  dry  rangeland  sites  and  since  the 
absolute  magnitude  of  che  exchange  coefficient  appears  appro¬ 
priate,  it  appears  that  the  magnitude  of  the  vapor  pressure 
gradient  may  have  been  under -estimated*  Under-estimation  of 
the  vapor  pressure  gradient  and/or  inequality  of  exchange 
cccf.: icients  (KH  =  IC?)  appear  at  this  •or i ting  to  be  the  mere 
probable  explanation  for  the  differences  in  E.T.  estimates 
obtained. 

The  computed  values  of  3.T.,  as  obtained  by  the  energy  balance 
and  combination  methods,  are  essentially  identical  as  demonstra¬ 
ted  in  Figures  1,  2,  and  3.  This  signifies  consistency  in  the 
data  since  the  combination  equations  are  simply  disguised 
versions  of  the  basic  energy  balance  as  represented  by  equation 
2,  obtained  by  use  of  identities  contained  vamor  pressure  terms. 
Cn  examination  of  Tabic  1,  it  is  readily  ape a rent  that  the 
combination  equations,  equations  3  and  5,  require  data  on  vapor 
pressure  in  addition  to  che  data  needed  for  the  energy  balance, 
equation  2.  Therefore,  the  only  purpose  for  the  Glatyer-Mcllrcy 
combination  equation  is  to  express  the  energy  balance  in  terms 
of  surface  and  air  vapor  pressure  deficits  sc  that  an  equation 
for  potential  evapotranspiration ,  equation  -i,  can  be  derived* 

It  follows  by  a  simple  algebraic  exercise  that  che  only  inde¬ 
pendent  equation  for  computing  evapotro.ns pira ci on  is  the  energy 
balt.nce  formula,  equation  2. 


7/  Pruitt,  */•  0.,  and  ..scon,  it.  J,  Atmospheric  and  surface 
factors  affected  evapot ranspi rati on •  Chart .  3,  P.  69, 
in  brooks,  F.  A.,  ct.  o.l .  1963 .  Investigation  of  energy 
and  mass  trr.nsfers  near  the  ground  including  che  in¬ 
fluences  of  soil -p la.nt -atmosphere  system.  University  of 
California,  Davie,  California.  (Final  deoert.  Task:  3A 
99-27-005-03.  AD  blO-263.) 
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Future  studies  ".111  be  d 
snercy  os.lc.ncc  equation, 
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the  internal  resistance 
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Figure  1.  Evapotranspiration  computed  by  different 
methods  from  selected  30-minute  mean 
profile  data. 
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Figure  2 


Evapotranspiration  computed  by  different 
methods  from  selected  30-minute  mean 
profile  data. 
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Figure  3.  Evapotranspiration  computed  by  different 
methods  from  selected  30-minute  mean 
profile  data* 
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Figure  4.  Dimensionless  exchange  coefficient,  K  ,  in  relation  to  tlie  lleynolds 
Number,  R.,  as  determined  from  evnpotranspiration  as  obtained  from 
ly.'.'imeters,1  the  I3ovvon  Ratio  Method,  and  ty  use  of  the  K10YPS  Function. 
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Title: 

Location : 

Personnel: 

Date  of  Initiation: 
Expected  Termination: 


Ground-water  flew  system  under  an  irrigated 
field. 

Northwest  Watershed  Research  Center,  Boise,  Idaho. 

G.  R.  Stephenson,  and  J.  F.  Zuzel,  ARS-SWC; 

R.  E.  Williams,  and  D.  W.  Allman,  University 
of  Idaho. 

July  1,  1967 

Originally  planned,  1959. 

Recommendation,  September  1971. 


Ob  jectives : 

The  ultimate  goal  is  the  evaluation  of  the  contribution  of  ground 
water  to  streamflow  in  an  area  where  ground-water  flow  is  influenced 
by  irrigation  practices.  The  field  study  area  will  consist  of  an 
irrigated  alfalfa  field  in  the  Reynolds  Creel:  drainage  basin.  Specific 
objectives  are  as  follows: 

1.  To  evaluate  the  hydraulic  properties  of  the  materials  underlying 
the  irrigated  field. 

2.  To  delineate  the  hydrogeologic  boundaries  of  the  flow  system 
affecting  the  irrigated  area. 

3.  To  evaluate  the  inflow  and  outflow  of  ground  water  across  the 
boundaries  of  an  irrigated  field. 

4.  To  conduct  an  empirical  field  analysis  of  the  effect  of  different, 
specified  irrigation  practices  on  ground-water  flow. 

5.  To  construct  a  resistance-capacitance  analog  model  to  depict  the 
variations  in  the  ground-water  flow  system  when  evapotranspiration, 
irrigation  practices,  and  boundary  conditions  for  the  flow  system 
arc  varied. 

Need  for  Study: 

Evaluation  of  the  hydrologic  flow  components  in  a  watershed  requires 
knowledge  of  the  underground  flow  system.  The  water  status  for  any  area 
is  dependent  upon  the  integrated  inflow  and  outflow. 

A  common  water-use  practice  in  mountainous  watersheds  is  the  diversion  of 
water  from  streams  for  irrigation.  The  increased  consumptive  use  (evapo¬ 
transpiration)  greatly  affects  the  quantity  of  water  yielded  from  these 
watersheds.  A  considerable  portion  of  the  diverted  water  in  such  irrigated 
areas  is  returned  to  the  stream  as  both  surface  and  underground  flow. 
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A  strict  accounting  of  the  water  entering  and  leaving  an  irrigated  area  ‘ 
necessary  for  deve lopnent  of  procedures  to  predict  the  subsurface  flows 
and  the  losses  to  cva?otransp_ration.  Such  prediction  schemas  when  developed 
can  be  utilized  in  digital  or  analog  models  to  evaluate  the  variations  in 
the  ground-water  flow  system  when  evapotranspiracion  and  irrigation  practices 
are  altered. 

Design  of  Experiment  and  Procedure  to  be  Followed: 

The  field  _.hase  of  the  study  will  be  conducted  on  a  62-aerc  irrigated  field. 
Figure  1,  in  the  Reynolds  Creel:  Experimental  Watershed.  Instrumentation 
for  collection  of  data  will  include  a  network  of  observation  wells  and 
piezometers  at  critical  locations,  a  network  of  soil  moisture  access  holes, 
Parshall  flumes  to  measure  input  end  output  of  surface  water,  a  recording 
raingage,  a  hygrothetmograph,  a  wind  recorder,  a  net  radiometer,  and  a 
lysimeter  for  independent  evaluation  of  evapotranspiracion. 

Pumping  and  injection  tests  will  be  used  to  determine  aquifer  constants, 
and  several  recorders  will  be  installed  to  monitor  continuous  variations 
in  ground-water  levels. 

Scmiwcckly,  weekly  or  biweekly  collections  of  all  data  will  be  made  during 
the  year,  being  most  intensified  during  the  irrigation  season.- 

Experimental  Data  and  Observations: 

Three  years  of  soil  moisture  data,  196C-1970,  were  collected  for  this  stv 
b,  use  of  the  neutron  probe.  These  data  arc  used  in  conjunction  with  changes 
in  the  water  table  for  evaluation  of  total  water  losses.  Measurements  for 
this  3-year  period  were  made  at  22  installations,  10  of  which  extended  well 
below  ;hc  water  table.  When  analyzing  these  data  for  each  irrigation  season, 
one  p .  cnomena  consistently  prevailed — soil  moisture  at  specific  levels 
within  the  saturated  zone  varied  from  site  to  site,  as  well  as  between  levels 
of  each  site  (Figure  1).—  A  systematic  time  variation  was  evident  in  that 
the  values  were  lowest  in  June  and  highest  in  October.  This  systematic  tins* 
variation  permitted  corrections  to  be  made  to  yield  constant  soil  water 
values  for  depths  continually  below  the  water  table. 

Several  phenomena  have  been  considered  in  an  effort  to  explain  the  time- 
dependent  soil  moisture  variation  below  the  water  table: 

1.  Changes  in  composition  of  the  soil  water. 

2.  Variation  in  the  volume  of  gases  trapped  below  the  water  table. 

3.  Confining  pressure. 

4.  Exsolution  and  dissolution  of  dissolved  gases. 

5.  Changes  in  the  bulk  density. 

6.  Equipment  error  as  a  result  of  temperature  sensitivity. 

>  "_I_  ” _ V/a ter  loss  determinations  were  completed  using  corrected 

soil  water  values  and  piezometer  water  level  data  at  13  sites  throughout 
the  6 2  acre  irrigated  field.  These  loss  values  including  specific  yield 
and  any  transpiration  losses  by  the  alfalfa,  arc  for  a  soil  column  exteno  g 
from  a  depth  of  10  inches  to  the  water  table.  The  aerial  distribution  of 
these  calculated  values  indicates  that  the  totai  water  loss  below  10  inches 


1/  Figure  follows  page  i.-q  . 


11-3 


is  relatively  larger  in  the  alluvial  soils  as  compared  to  those  near  the 
edges  of  the  field  which  arc  shallow  soils  developed  from  bedded  clays 
and  silts. 

This  method  of  using  the  corrected  soil  moisture  data  and  water  level  data 
is  believed  to  be  the  most  satisfactory  method  of  computing  the  total  water 
loss  in  situ. 

The  water  loss  information  was  used  to  evaluate  daily  losses  due  to  evapotran- 
spiration  at  each  sice  in  the  study  area  adjacent  to  a  soil  moisture  access 
tube.  Losses  in  the  upper  portion  of  the  soil  profile,  determined  by 
gravimetric  sampling,  were  included  in  the  daily  evanotranspirat ion  loss. 

This  method  proved  reasonable  for  the  conditions  that  prevail. 

The  coefficient  of  horizontal  permeability  was  evaluated  using  Hovorslev's 
(1952)  method  which  considers  the  piezometer  screen  geometry  and  basic  tine 
lag.  This  method  does  noc  permit  computation  of  the  ratio  of  horizontal  to 
vertical  permeability. 

Comments,  Interpretations,  and  Future  Plans: 

A  considerable  amount  of  effort  was  put  forth  to  try  to  explain  the  time- 
dependent  coil  moisture  variation  below  the  water  table.  These  changes,  as 
illustrated  in  Figure  1,  occur  at  individual  levels  at  each  site  as  well 
as  between  sites.  Several  factors  were  investigated: 

1.  Changes  in  composition  of  the  soil  water.  The  capture  of  thermal 
neutrons  by  such  elements  es  cadmium,  boron,  lithium  or  chlorine, 
which  may  be  present  in  the  water,  could  cause  yearly  variations  in 
the  apparent  soil  moisture  content.  It  is  r.ot  known  how  much  the 
concentration  of  these  elements  muse  vary  in  order  to  produce  a 
change  of  10  percent  in  the  neutron  count.  However,  the  range  of 
variation  of  the  concentration  must  be  reasonably  large  as  there  was 
no  information  found  on  this  subject  in  the  literature.  From  chemical 
analyses  run  to  date,  only  chlorine  of  the  above-mentioned  elements 
was  detected,  and  only  in  very  minor  amounts.  At  present  the 
possibility  of  composition  changes  in  the  soil  water  docs  not  appear 
to  be  the  principal  factor  causing  a  time -dependent  soil  water  change 
below  the  water  table,  although  it  is  still  a  possibility. 

2.  Variation  in  the  volume  of  gases  tranced  be  lew  the  water  table. 

A  change  in  temperature  of  the  ground  water  would  cause  volumetric 
changes  of  entrapped  gases.  However,  an  annual  variation  of  4  F 
at  a  depth  of  15  feet  produces  variations  of  only  1  percent  in  the 
volume  of  a  gas.  Because  of  the  lowest  water  cable  elevation  in  the 
late  fall,  soil  temperature  would  most  likely  be  highest  at  this 
time.  This  would  result  in  a  maximum  volume  of  the  gas  and  a  minimum 
soil  moisture  content  through  the  displacement  of  ground  water 
by  a  gas.  However ,  a  maximum  soil  moisture  content  occurs  during 
the  late  fall,  the  exact  opposite  of  the  expected  result  if 
tcmpcracure  were  affecting  the  volume  of  entrapped  gases  below  the 
water  cable. 
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3.  Confining  pressure.  The  voluno  of  entrapped  gases  below  the 
water  table  would  also  vary  with  the  confining  pressure.  The 

major  factor  affecting  the  confining  pressure  is  the  yearly  variation 
in  the  water  table.  A  maximum  elevation  of  the  water  table  would 
minimize  the  volume  of  any  dissolved  gases  and  would  consequently 
result  in  a  maximum  soil  moisture  content.  However,  a  minimum  soil 
moisture  content  occurs  in  June,  even  at  depths  which  were  continually 
below  the  water  cable  for  several  years.  Another  fact  which  tends 
to  discount  a  significant  volume  change  of  dissolved  gases  because 
of  changes  in  the  confining  pressure  is  the  lach  of  an  abrupt  change 
in  the  soil  moisture  content  during  irrigation.  It  was  concluded 
that  changes  in  the  volume  of  entrapped  gases  caused  by  a  change  in 
the  confining  pressure  were;  unable  to  account  for  the  observed  soil 
moisture  changes  below  the  water  table. 

4.  Exsolution  and  dissolution  of  dissolved  gases.  Another  possible 
phenomenon  that  must  be  considered  to  explain  the  changes  in  soil 
moisture  below  the  water  table  with  the  passage  of  tine  is  the 
.exsolution  and  dissolution  of  dissolved  gas  from  the  water.  A 
maximum  temperature  and  a  minimum  confining  pressure  both  occur  in 
December.  These  two  factors  would  favor  Che  exsolution  of  any  gases 
dissolved  in  the  ground  -water.  Thus ,  a  maximum  volume  of  gas 
exsolving  from  the  ground  water  would  have  accumulated  by  December. 

A  maximum  voluno  of  gas  should  coincide  with  Che  minimum  percent 

of  soil  moisture  by  volume,  v/ith  the  minimum  soil  moisture  values 
occurring  in  June,  exsolution  of  dissolved  gases  from  the  ground 
water  is  not  a  satisfactory  explanation  for  the  increase  in  the 
percent  soil  moisture  by  volume  below  Che  water  table. 

The  evidence  gathered  to  date  does  not  indicate  that  dissolution 
is  the  primary  factor  causing  the  cyclical  variation  in  the  percent 
soil  moisture  by  volume  below  the  water  tabic  ’with  the  passage  of 
time.  The  water  table  has  not  declined  to  an  elevation  sufficiently 
low  enough  to  allow  the  entire  soil  column  penetrated  by  the  soil 
moisture  access  tube  co  become  partially  drained.  Partial  drainage 
is  necessary  if  dissolution  of  entrapped  gases  is  to  account  for  the 
observed  changes  in  the  ;crccnt  soil  water  by  volume  be  low  the 
water  table  with  the  passage  of  time.  For  example,  the  water  table 
declined  to  only  11. C  feet  below  the  soil  surface  at  soil  moisture 
access  tube  site  022  during  the  period  from  April  to  December  1969. 

Soil  moisture  determinations  were  made  to  depths  of  17.3  feet  below 
the  soil  surface.  Ocher  piezometers  indicate  that  the  water  table 
rose  approximately  2.5  feet  from  December  i960  co  April  1969.  It  is 
quite  probable  that  a  portion  of  soil  moisture  access  tube  822 
remained  below  the  water  table  for  1  or  more  years.  It  would  not 
be  likely  that  the  partially  drained  soil  and  the  soil  bo  low  the 
lowest  water  table  attained  would  have  the  same  percent  by  volume  of 
entrapped  gases.  Thus,  the  soil  above  and  below  the  lowest  water 
table  attained  should  behave  in  a  different  manner.  Vertical  soil 
moisture  profiles  do  not  reveal  any  abrupt  change  in  the  behavior  of 
the  percent  soil  moisture  by  volume  with  the  passage  of  tine  in  the 
vertical  direction.  It  was  concluded  that  the  dissolution  of  entrappec 
gases  could  not  account  for  the  observed  changes  in  the  percent 
soil  moisture  by  volume  with  the  passage  of  time  for  depths  that 
were  continually  below  the  water  table. 
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5.  Changes  in  bulk  density.  Yearly  fluctuacions  in  the  water  table 

could  cause  changes  in  the  soil  bulk  density  with  a  variation  in  the 
vertical  stress.  Since  the  actual  compression  of  the  soil  was  very 
small  compared  to  the  apparent  soil  water  variation,  changes  in  the 
bulk  density  were  discounted  as  being  capable  of  significantly 
affecting  the  soil  moisture  content  below  the  water  table. 

0.  Equipment  error  as  a  result  of  temperature  sensitivity.  The  effect 
of  daily  ambient  air  temperature  on  the  seeders  and  rate  meter  has 
also  been  considered  as  a  possible  phenomenon  causing  the  variation 
of  the  apparent  soil  moisture  content  be  lor/  the  water  table.  This 
study  is  still  progressing,  but  it  docs  appear  as  though  the  rate 
meter  and  possibly  the  two  sealers  arc  temperature  sensitive.  One 
problem  vith  the  data  is  that  no  record  was  made  of  the  sealer  used 
to  collect  the  data.  At  present,  the  temperature  sensitivity  of 
the  sealers  and  rate  meter  eppears  to  be  the  most  probable  factor 
causing  a  time -dependent  soil  moisture  change  below  chc  v/ater  table. 

Hie  variation®  in  porcent  volume  soil  water  may  seem  insignificant  for  most 
uses  of  soil  water  information.  However,  for  this  particular  study,  soil 
water  values  were  used  to  assess  specific  yield  and  cvapotrar.spiration  to 
compute  water  losses  from  the  irrigated  field.  In  comparing  the  corrected 
data  with  the  uncorrccted  data,  the  differences  are  significant.  Using  the 
uncorrected  data,  the  water  loss  determinations,  including  specific  yield 
and  transpiration,  had  a  logarithmic  mean  of  10.4  percent.  Uhen  using  the 
corrected  soil  water  data,  the  water  loss  values  were  23  percent,  which  is 
reasonably  close  to  the  average  water  loss  of  25  percent  for  loan  soils  based 
on  estimated  porosity  and  field  capacity  data  (Israclson  and  Hanson,  1967, 
pp.  411).  The  water  yield  values  calculated  from  soil  moisture  and  water 
level  data  are  for  a  soil  column  extending  from  a  depth  of  10  inches  to  the 
water  table. 

The  soil  water  losses  in  the  upper  10  inches  of  the  soil  were  determined  by 
repeated  gravimetric  samples  at  4  sites  within  the  field.  Linear  regressions 
on  the  resulting  plots  of  soil  moisture  against  time  indicated  that  the 
greatest  rates  of  soil  v/ater  loss  from  the  upper  1C  inches  of  the  soil 
decrease  from  an  average  of  0.044  in. /day  in  the  upper  field  to  C.017  in. /day 
in  the  lower  field,  which  is  finer  textured  than  chc  upper  field.  These  rates 
arc  appliable  from  May  30,  two  days  after  significant  rainfall  ceased  until 
tl’.c  estimated  permanent  wilting  point  was  actained  curing  the  period  from 
July  10  to  August  2,  1969.  Any  soil  moisture  losses  from  the  upper  10  inches 
of  the  soil  attributable  to  cvapotranspiracion  or  gravity  drainage  was 
measured  gravimetrically. 

An  estimate  of  the  long  term  effects  such  as  ground-water  outflow  on ■ the 
v/ater  level  declines  for  each  shallow  piezometer  located  within  the 
irrigated  field  were  based  on  the  assumption  that  evapotranspiration  v/as 
negligible  immediately  following  the  cutting  of  chc  alfalfa.  First  or  second 
order  regressions  were  fitted  through  a  plot  of  the  daily  water  level  declines 
beginning  immediately  following  the  cutting  of  the  alfalfa  and  terminating 
about  two  weeks  after  the  cutting  of  the  alfalfa.  These  equations  were  Chen 
used  to  calculate  the  net  long  term  effects  on  daily  v/ater  level  changes  at 
the  site  when  the  first  crop  v/as  cut.  This  procedure  was  repeated  for  the 
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second  crop  cutting  in  August.  These  tuo  data  points  and  the  water  level 
data  in  the  fall  following  the  growing  season  were  used  to  construct  an 
equation  defining  the  net  long  terr.  effects  on  piezometer  water  level 
changes  at  the  site  throughout  the  period  of  study.  The  net  result  of  long 
term  effects  such  as  ground-water  inflow  or  outflow  at  the  piezometer  sites 
was  measured  during  periods  when  wVapotranspiration  was  assumed  to  he 
negligible.  It  is  believed  that  the  long  term  effects  ere  caused  primarily 
by  the  ground-water  flow  system  with  the  long  term  effects  primarily  providing 
ar.  estimate  of  the  change  in  the  water  level  at  a  site. 

The  daily  losses  due  to  evapotranspirntion  at  each  sice  adjacent  to  a  soil 
moisture  access  tube  were  evaluated  by  subtracting  the  daily  water  level 
decline  caused  by  long-term  effects  from  the  observed  daily  ground-water 
decline  and  multiplying  the  remainder  by  the  appropriate  water  loss  factor. 

The  water  loss  due  to  gravimetric  soil  moisture  loss  in  the  upper  10  inches 
was  also  included  in  the  daily  evapotranspiration  loss.  Preliminary  results 
indicate  daily  evapotranspiration  losses  up  to  0. 3G  in. /day  during  very 
windy  hot  conditions  with  a  mature  crop.  The  daily  evapotranspiration  appears 
to  vary  aerially  in  a  manner  dependent  upon  wind  direction,  andvclocity.  This 
method  of  estimating  daily  evapotranspiration  results  in  values  which  are 
reasonable  for  the  field  conditions. 


The  evapotranspiration  water  losses  for  two  hourly  intervals  between  June  19 
and  July  13,  1969,  were  calculated  using  the  daily  evapotranspiration  water 
losses.  The  two  hourly  changes  in  the  piezometer  water  levels  were  corrected 
for  changes  in  the  barometric  pressure.  The  barometric  efficiencies  of  the 
piezometers  were  approximately  5  percent.  Piezometer  tine  lags  and  amplitud 
ratios  (Hvorslev  1952)  are  satisfactory  for  measuring  two  hourly  changes  in 
the  fluid  potential  of  water  adjacent  to  the  piezometer  screen.  The  largest 
basic  time  lag  for  a  piezometer  equipped  with  a  continuous  water  level 
recorder  was  7. A  min.,  which  would  result  in  an  equalization  ratio  of  90 
percent  in  17  min.  following  a  change  in  the  fluid  potential  of  the  water 
adjacent  to  the  well  screen.  Since  ell  the  piezometer-soil  moisture  sites 
did  not  receive  their  final  irrigation  at  the  same  time,  end  particularly  the 
lysinctcr  site  x;hich  received  its  last  irrigation  or.  May  20  as  compared  to 
June  11  for  the  surrounding  field,  adjustments  were  made  to  the  daily  gravi¬ 
metric  and  ground-water  losses  occurring  below  a  depth  of  10  inches.  Final 
calculations  of  the  two  hourly  evapotranspiration  losses  have  not  been 
completed  at  this  time.  The  two  hourly  evapotranspiration  water  losses  appear 
to  have  much  larger  relative  errors  associated  with  them  because  piezometer 
time  lags  and  barometric  efficiencies  must  be  t alien  into  account. 


The  coefficient  of  horizontal  permeability  was  evaluated  using  &vorslev’ s 
(1352)  method  which  uses  piezometer  screen  geometry  and  basic  time  lag. 

The  population  frequency  distributions  for  permeability  are  all  log  normal. 

It  is  not  possible  to  determine  the  ratio  of  the  coefficient  of  vertical 
to  horizontal  permeability  using  Hvorslev's  technique.  The  mean  permeability 
for  the  alluviuzi^assuning  'Tq/lb,  =  1.0,  10,  and  100  are  1.57  gal. /d./ ft.  , 

2.11  gal. /d. /ft.  ,  and  2.66  gal./d./ft.^  respectively.  The  mean  permeability 
for  the  Boston  Ranch  Unit  underlying  the  alluvium  assuming  K,j/ =  1.0,  10, 
and  100  arc  0.513  gal./d./fc.^  0.690  gal./d./ft.^  and  C.  C63  gal. /d.  /  ft.  ^ 
respectively.  Even  chough  it  was  assumed  the  K^/IC-  "  the  of  this 

assumption  on  the  resulting  mean  horizontal  permeability  is  rather  small 
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since  the  method  is  rether  insensitive  to  changes 
The  coefficients  of  permeability  will  be  evaluated 
to  the  slug  test  and  injection  test  data.  However 
that  the  permeability  of  the  materials  underlying 
rather  lot:,  which  will  result  in  lot:  ground-v;atcr 
ground-water  flow  system. 


in  the  vertical  permeability, 
by  applying  ocher  methods 
,  initial  results  indicate 
the  irrigated  field  is 
losses  or  gains  due  co  the 


Final  results  of  this  work  will  be  forthcoming  in  several  publications, 
cha  first  of  which  is  scheduled  for  summer  1971.  The  only  additional  work 
remaining,  other  chan  final  analysis  of  the  date,  is  co  check  out  the 
validity  of  the  permeability  tests  and  possibly  run  a  few  more. 

References  Cited: 

Hvorslcv,  li.  J.  1951.  Time  lag  and  soil  permeability  in  ground-water 
observations  Waterways  Experiment  Station,  Corps  of  Engineers,  If.S. 
Army  Bui.  No.  36,  April. 


Ism 


.c Isen ,  0.  W.  ,  and  Hansen, 
John  Wiley  and  Sons,  Inc. 


V.  E.  1967. 
,  NY,  NY. 


Irrigation  principles  and  practices. 


( 

V 


i 


.. 


SOIL  MOISTURE  IN  PERCENT  VOLUME 


Figure  1.  Variations  in  percent  volume  soil  moisture  at  depths 

below  the  water  table  at  selected  sites.  (Sites  142  and 
742  located  in  clay  soils;  241  located  in  alluvial  soils.) 
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CRIS  Worn  Unit  No.  SV7  C  -  01 2  -f  Bo  -  2  Code  No,:  Id  i.- Bo -10  3.  4 

Title:  Geochemistry  of  ground -water  flow  systems. 


Location:  Northwest  7/ at  arched  Research  Center,  Boise 

Idaho. 

Personnel:  G.  R.  Stephenson  and  John  Zuzel; 

•  -  Dr.  y.  Sharp,  University  of  Nevada. 

Date  of  Initiation:  January  1968.  Zxpected  Duration:  January  1971. 

Cbjectivec: 

1.  Development  of  chemically  oriented  methods  for  determining 
flow  characteristics  of  ground-water  systems  of  western 
rangelands. 

2.  A  better  under'' .ending  of  the  changes  in  water  chemistry 
which  occur  within  such  systems,  primarily  as  the  result 
of  reactions  between  water  and  geologic  materials. 

Need  for  Study: 

Dissolved  constituents  of  natural  waters  result  from  combined  reactions 
of  water,  soil,  and  roc::,  and  to  a  varying  extent  from  man's  wastes. 

In  general,  information  is  needed  on  the  origin  and  occurrence  of  dis¬ 
solved  constituents  within  a  flow  system  and  the  full  significance  of 
each  portion  of  the  system  in  mobilizing  and  transporting  these  con¬ 
stituents. 

There  is  a  definite  need  for  improvement  in  the  Knowledge  of  the  chem¬ 
istry  of  r;ound  water  in  flow  systems  associated  with  western  range- 
lands.  Chemical  parameters  offer  possibilities  as  effective  tools  in 
unraveling  some  of  the  more  perplexing  hydrologic  problems  heretofore 
not  subject  to  unique  solution  by  conventional  hydrologic  methods.  Prob¬ 
lems  possibly  amenable  to  improved  solution  by  geochemical  methods 
induce  (1)  age,  amount,  ard  residence  time  of  ground  water;  (2)  mixing 
of  water  from  different  sources;  (3)  definition  of  areas  of  recharge, 
lateral  flow,  and  discharge;  and  (4)  amount  and  location  of  recharge  and 
discharge. 

Man's  imposition  of  a  variety  of  management  conditions  on  rangelands 
not  only  upsets  long-term  hydrologic  relationships,  but  also  disturbs 
long-standing  geochemical  relationships,  causing  changes  in  v/ater 
quality  which  promise  to  accelerate  over  the  years  ahead. 
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Design  of  Zmeriment  and  Procedure  to  be  Followed: 

Field  Phase:  It  will  be  necessary  to  perform  a  complete  hydrologic 
analysis  of  the  flow  system(s)  under  investigation.  This  will  re¬ 
quire  assembling  ell  available  hydrologic  and  geologic  dr.tr.,  continued 
collection  of  grcund-wr.ter  dr.tr.  (wr.ter  levels),  possibly  some  expan- 
sion  of  present  well  networKs,  end  instrllr.tion  of  flumes  md/or  weirs 
r.t  springs.  Tatar  samples  for  analysis  will  be  collected  periodically 
r.t  wells  me  springs,  probably  on  r  monthly  basis.  Gomples  cf  pre¬ 
cipitation  md  of  soil  water  for  analysis  will  be  collected,  using  spe¬ 
cial  rain  gages  md  lysimeters.  Flow- measuring  devices  will  be 
placed  at  the  outlets  of  springs.  Gome  chemical  dye  tracer  tests  and 
artificial  infiltration  studies  ma.y  be  performed.  Soil  and  bedrocK 
samples  will  be  collected  at  various  places  for  analysis  and  £  -'boratory 
studies. 

Laboratory  Phase:  Water  samples  will  be  analyzed  for  common  chem¬ 
ical  constituents  md,  in  some  instances,  trace  elements.  Gome 
samples  will  be  analyzed  for  isotopic  constituents.  Gome  soil  and 
rocK  samples  will  be  analyzed  chemically  and  mine ralogic ally.  Column 
or  batch  equilibrations  will  be  made  of  water  and  soils/ roens  to  observe 
chemical  reactions  v/hich  may  be  occurring  in  the  system (s). 

Experimental  Fata  and  Observations: 

A  sufficient  number  of  wr.ter  chemistry  analyses,  over  a  suitable  time 
span,  permits  statistical  analyses  of  this  data,  to  be  performed  with  a 
high  level  of  significance.  The  relationships  tested  were  positions  in 
the  flow  system  as  indicated  by  potential  surface  elevation  and  variation 
in  ionic  ratios  throughout  the  basalt  ground-water  flow  system.  Anal¬ 
yses  for  the  sedimentary  aquifer  system,  and  several  local  flow  sys¬ 
tems,  have  not  been  evaluated  so  no  attempt  will  be  made  to  comment 
on  their  significance. 

A  correlation  matrix  was  computed  correlating  water-level  elevation 
v/ith  various  ionic  ratios  which  occur  in  the  water  samples.  The  table 
of  correlation  coefficients  and  the  variables  are  given  in  Table  1, 

Table  I  points  up  several  items  of  importance  concerning  the  water 
chemistry  of  che  basalt  ground-water  flow  system.  Silica  (GiQ,)  cor¬ 
relates  positively.  This  means  that  progressing  downstream  in  the 
flow  system,  the  total  percent  of  silica  in  the  system  decreases.  From 
previous  year's  analyses,  silica  was  always  higher  in  the  basaltic 
waters  than  in  the  waters  of  the  sediment  aquifers,  and  was  considered 
to  be  an  indicator  to  identify  one  system  from  another.  Mow  ever,  the 
full  significance  of  the  presence  of  silica  and  its  variation  was  not 
understood.  _ 
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TABLE  1. — Correlr.tion  coefficients 

cf  vrrir.bles  versus 

v/rter-level  elevrtion. 

* 

V-.rimle 

7/rter  Level  .Tlevrtion 

f/^ter  Level  Jlevrtion 

1  r  n  r\ 

1, 

Totrl  Equivalents  irer  Million 

•  U  •  Cf  w 

Totrl  Anions  -<•  Totr.l  Crtions/  SiT 

-0.317 

Cr.  +  Mg /ITT  +  Id 

A  ^  A 

**  Wf  a  V/  '«  *J 

Totrl  ALmlinity  /Cl  +  SO 

-  0  .  'L2Z 

Totr.l  Dissolved  Solids 

-  C.  313 

rzr> 

c  zzz 

*  Mo.  of  crsos  =  75  for  er.ch  Vr.rirbls 


All  the  ether  vrrir.bles  considered  in  Tmle  1  show  r  r.ogrtive 
correlation  v/ith  potentirl  surfr.ee  clovrtisn,  indicr.ting  r.  generrl 
r-.  increr.se  in  ionic  ccncentrrticn  downstrorm  in  the  flow  system.  This 

v  ,  hr.s  been  previously  mentioned  but  cm  now  be  verified  v/ith  the  1970 

srmpling  rnd  rnrlysis. 

Figure  1  shows  rn  rver^ge  hydrogrr.ph  cf  the  potentirl  surfr.ee  of  four 
representr.tive  v/ells  in  the  brsr.lt  flow  system  from  1SS7  through  1970. 

The  r.verrgc  chr.njes  in  the  ionic  rr.tio  of  tot.rl  r.nions  +  totr.l  cr.tions 
(TDS)  /  SiS„,  determined  from  7  l  cr.ses,  is  plotted  r.bove  the  hydro - 
gr~ph  in  this  figure.  The  effect  rechr.rge  hr.s  on  the  changes  in  this 
ionic  rrtic  is  evidence  when  reviewing  Figure  1.  The  ir.j  time  r.nd 
the  vr.rircion  in  the  ionic  rrtio  r.re  dependent  upon  the  intensity  of  the 
rechr.rge  event  rnd  the  time  of  yerr.  The  relrtion  of  the  rechr.rge 

event  rnd  tr.o  relr.ted  chenge  in  TZZ/ZiZ^  is  indicr.ted  by  the  rrrows 
in  Figure  1.  In  1969  r  lr.rge  rechr.rge  fvent  wrs  recorded.  /  A  drop 
from  10.  7C  to  S.CC  wrs  recorded  in  the  ionic  rrtio.  Turing  the  summer 
months  the  ionic  concentrations  incrcrsc  rnd  r  summer  or  fr.ll  event, 
such  rs  in  September  of  1969,  influence  the  ionic  ratios  to  r.  lesser 
degree  bee r.use  the  dilution  effect  is  less  significant. 

Figure  2  shows  the  relrtionohip  between  position  in  the  bmr.lt  flow 
system,  rs  espresso  d  by  the  elevrticn  of  the  potentirl  surf  me  rt  er.ch 

of  four  wells,  r.nd  the  rrtio  of  totrl  dissolved  solids  to  silicr. 

» 

Erch  point  shown  in  the  figure  represents  rn  r.verrge  of  Id  potentirl 
surfrcc  clcvr.tions  rnd  18  rr.tios  of  totr.l  dissolved  solids  to  silicr.  rt 
er.ch  well  site. 
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The  high  degree  of  negative  correlation  (-0.  996)  indicates  that  as 
one  proceeds  downstream  in  the  basalt  flow  system,  the  ratio  of 
total  dissolved  solids  increases  while  silica  content  decreases  re¬ 
sulting  in  a  predictableincrea.se  in  the  ratio  of  total  dissolved  solids 
to  silica. 

While  total  dissolved  solids  versus  elevation  and  silica  content  versus 
elevation  both  produce  statistically  significant  correlation  coefficients, 
these  relationships  are  much  less  clear  than  when  the  ratio  of  total 
dissolved  solids  to  silica  is  used  in  the  correla.tion. 

Comments,  Interpretations,  and  Future  Plans: 


From  the  present  correlation  results,  SiO^  shows  considerable  in¬ 
stability.  It  varies  from  one  sample  site  to  another  because  of  the 
presence  or  lacK  of  secondary  silica  deposits  which  occur  mostly  in 
the  upper  portions  of  the  flow  system.  The  correlation  matrix  of 
Table  1  shows  that  SiC^  correlates  positively.  This  means  that 
progressing  downstream  in  the  flow  system,  the  total  percent  of  silica 
in  the  system  decreases.  This  further  explains  Figure  2,  which  shows 
the  ratio  of  TDS/SiO^  changing  downstream  in  the  flow  system.  The 
decrease  in  the  ratio  is  the  result  of  the  decrease  in  SiO^.  The 
reason  for  the  decrease  in  3iC,  is  probably  caused  by  diminishing 
source  of  secondary  silica  and  “increased  dilution  in  that  direction. 
However,  the  lower  values  for  3iC0  in  the  lower  areas  of  the  basaltic 
aquifer  system  are  still  considerably  higher  than  in  the  flow  system 
in  the  lacustrine  sediments. 

When  water  chemistry  information  from  other  wells  in  the  basaltic 
ground-water  flow  system  is  analyzed  and  plotted,  as  described  above, 
and  if  the  results  fall  within  the  limits  of  the  regression  of  Figure 
2,  a  method  has  then  been  found  to  locate  positions  within  a  flow  sys¬ 
tem.  This  would  be  very  beneficial  in  water  quality  mapping. 

One  well  from  which  water  chemistry  information  was  obtained  for  a 
short  record  of  time  was  used  to  test  the  above  hypothesis.  Data 
from  this  well,  when  plotted  as  water  level  elevation  against  the  ratio 
of  TFG/Ci O  ,  fell  well  within  the  limits  of  the  regression  equation  of 
Figure  2.  Cne  test  is  not  significant,  but  tests  are  now  being  run  to 
try  to  develop  this  work  further  by  using  water  chemistry  data  already 
gathered  for  wells  in  the  sediments  and  from  local  flow  systems. 
Additions!  samples  from  wells  in  the  basalt  ground -water  flow  system 
will  also  be  analyzed.  The  plan  is  to  develop  a  family  of  curves  liKe 
the  one  on  Figure  2,  for  the  flow  systems  in  the  lacustrine  sediments, 
local  flow  systems,  and  the  basalt. 
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Title: 

Location: 

Personnel : 

Date  of  Initiation: 

Expected  Duration: 


Sediment  yield  from  rangeland  watersheds. 

Northwest  Watershed  Research  Center,  Boise,  Idaho. 

C.  W.  Johnson,  D.  L.  Schreiber,  G.  R.  Stephenson, 
W.  R.  Uamon,  G.  A.  Schumaker 

September  1,  1969 

Originally  planned  -  December  1974 
Present  recommendation  -  December  1974 


Objectives: 

1.  To  determine  the  relationships  between  sediment  yield  and  variables 
describing  hydraulic  and  hydrologic  factors,  and  site  and  watershed 
characteristics  which  influence  sediment  yield. 

2.  To  formulate  a  sediment  yield  prediction  procedure  for  rangeland  water¬ 
sheds  in  the  Northwest. 

Need  for  Study: 

Information  on  sediment  yield  is  almost  entirely  lacking  for  millions  of 
acres  of  predominantly  sagebrush  rangeland  under  Government  land  manage¬ 
ment  and  private  ownership  in  the  Northwest  United  States.  There  is  a 
growing  concern  for  soil  losses  from  intensively-grazed  rangelands, 
sediment  damage  to  reservoirs,  and  erosion  of  stream  channels. 

Most  rangeland  watersheds  in  the  intermountain  Northwest  have  large  areas 
of  relatively  steep  hillslope  topography  and  these  areas  need  to  be 
delineated  for  treatment  to  reduce  erosion.  Also,  sediment  yield  informa¬ 
tion  is  needed  for  evaluating  the  benefits  of  watershed  management  and  land 
treatment  programs  of  the  Bureau  of  Land  Management  and  Soil  Conservation 
Service. 

Range  sites  found  in  the  Reynolds  Creek  Experimental  Watershed  repre¬ 
sent  a  large  percentage  of  the  rangeland  in  the  Northwest  and  studies 
of  sediment  yield  are  essential  for  the  development  of  sound  management 
practices  and  in  planning  appropriate  multiple  use  of  these  lands.  Good 
land  management  decisions  require  information  on  how  vegetative  changes, 
fencing  and  land  use  alters  the  sediment  yield  potential  of  rangeland 
watersheds.  The  sources  and  quantities  of  these  sediments  need  to  be 
determined  and  measured  so  that  research  data  can  be  used  to  predict 
sediment  yield  for  ungaged  areas  in  terms  of  available  information  on 
soils,  climate,  physiography  and  use.  Research  is  also  needed  to  adapt 
the  universal  erosion  equation  to  rangelands. 
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Design  of  Experiment  and  Procedures  to  be  Followed; 

Suspended  and  bedload  sediment  yield  from  plots,  channels  and  watersheds 
will  be  measured  by  use  of  pumping  sediment  samplers,  splitting  devices, 
catchments  and  hand  sampling.  Scour  and  fill  within  designated  reaches 
of  channels  will  oe  measured  by  photogrammetr ic  techniques  utilizing 
captive  balloons  or  helicopters  for  obtaining  photographs. 

Runoff  hydrographs  from  plots  and  watersheds  will  be  measured  through 
flumes,  weirs,  or  in  tanks  to  obtain  data  for  computation  of  hydraulic 
parameters.  The  effects  of  precipitation  impact  and  splash  on  soil 
erosion  and  overland  flow  will  be  studied  using  14  ft.  by  72  ft.  plots 
and  simulated  rainfall.  Critical  velocity  and  depth  of  flow  which 
influence  erosion  for  particular  soil  and  slope  conditions  will  also  be 
determined  from  plots.  Plots,  microwatersheds  and  watersheds  will  be 
located  on  various  soil  types  in  different  precipitation  zones.  A  wide 
range  of  slope  length,  slope  area,  aspect  and  relief  ratio  will  be 
represented. 

Erodibility  of  watershed  soils  will  be  determined  from  rainfall  simulator 
plots  to  determine  the  effect  of  parent  material,  and  soil  texture,  structure, 
aggregation,  organic  matter,  and  pH  on  soil  movement.  Large-scale  soil 
movement  will  be  traced  with  colored  or  tagged  particles. 

Data  on  vegetative,  litter,  and  rock  cover  will  be  obtained  from  a  related 
research  outline  where  the  procedure  will  be  described  in  detail. 

Physiographic  and  geomorphic  factors  will  be  determined  throughout  the 
Reynolds  Creek  Watershed.  Detailed  determinations  of  aspect  and  percent 
slope  will  be  made  by  use  of  a  systematic  grid  and  a  data  reduction  pro¬ 
gram.  Hypsometric  (area-altitude)  information  obtained  for  the  study 
sites  will  be  used  to  designate  other  areas  of  corresponding  sediment 
production  potential.  Geomorphic  factors  will  be  related  to  sediment 
yield  measurements. 

Rainfall  intensity  and  duration  data  are  available  from  a  network  of 
precipitation  gages  and  snow  data  are  available  from  snow  courses,  snow 
pillow  sites  and  other  snow-measuring  sites.  Research  Outlines  Il03.  100.  1 
and  102.1  describe  the  instrumentation  and  procedure. 

Evaluation  of  management  and  land  use  factors  will  be  accomplished  by 
selection  of  watersheds  in  areas  with  the  same  management  and  then 
fencing  off  one-  to  three-acre  areas  to  exclude  livestock  and  establish 
maximum  vegetative  cover. 

Experimental  Data  and  Observations: 

\  1.  Overland  Flow  Hydraulic  Parameter  Study 

To  study  surface  runoff  and  associated  hydraulic  parameters  (velocity, 
depth,  roughness,  type  of  flow)  which  influence  sediment  yield,  a  laboratory 
study  was  conducted  by  D.  L.  Schrciber  in  cooperation  with  the  ARS  Erosion 
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Laboratory  at  the  Talouse  Conservation  Field  Station,  Pullman,  Washington. 
(CRIS  Work  Unit  No.:  SWC-016-fPul-l;  Research  Outline  No.:  Wash.  Pn-66-15, 
terminated  June,  1970. ) 

A  mathematical  modal  was  developed  to  simulate  and  predict  overland  flow 
hydrographs.  The  kinematic  form  of  the  nonlinear  partial  differential 
equations  of  unsteady,  spatially  varied,  open-channel  flow  were  solved 
simultaneously  Dy  numerical  integration.  The  mathematical  model  was 
verified  by  laboratory  daca  obtained  in  the  Erosion  Laboratory  Rain  Tower. 

Since  surface  roughness  is  practically  impossible  to  measure  quantitatively, 
parameter  optimization  was  used  in  conjunction  with  the  mathematical  model 
to  provide  a  set  of  representative,  synthetic,  laminar-flow  resistance 
parameter  values.  Three  different  univariate  optimization  schemes  were 
devised  for  this  study.  The  first  scheme  produced  "wholly  optimized" 
hydrographs  for  which  a  single  value  of  the  resistance  parameter  can  be 
used  to  describe  the  resistance  to  flow  both  during  and  after  the  occurrence 
of  rainfall.  The  second  scheme  produced  two-piece  optimized"  hydrographs 
that  were  considered  to  be  composed  of  two  sections  -  during  rainfall  and 
after  rainfall.  An  optimal  value  of  the  resistance  parameter  was  determined 
for  the  rainfall  section  before  the  recession-section  resistance  parameter 
was  evaluated.  The  third  scheme  produced  scctionally  optimized"  hydro¬ 
graphs  that  were  divided  into  sections  or  time  intervals  of  either  10  or 
12  seconds.  The  optimal  resistance  parameter  value  for  each  section  was 
determined  in  succeeding  order. 

Results  of  the  three  optimization  schemes  were  compared  to  determine  the 
sensitivicy  needed  to  describe  adequately  the  resistance  to  laminar  flow. 
Results  of  che  third  scheme,  sectional  optimization,  were  also  used  to 
provide  spnthctic  data  for  use  in  an  attempt  to  develop  predictive  equations 
for  the  laminar  flow  resistance  parameter. 

Detailed  descriptions  of  the  laboratory  facilities  and  procedures,  the 
experimental  and  synthesized  data,  and  the  development  of  the  mathematical 
model  and  optimization  schemes  arc  contained  in  D.  L.  Schreibcr's  Ph.D. 
thesis,  "Overland  Flow  Simulation  by  a  Nonlinear  Distributed  parameter 
Model,"  Washington  State  University,  June  1970.  Representative  data  and 
results  are  indicated  below  in  Table  1  and  in  Figures  1-4.  (All  figures 
follow  page  13-11). 

2.  Sediment  Yield  Studies 

a.  Sediment  sampling  equipment  and  facilities 

Sediment  facilities  and  a  description  of  instrumentation  operating  in  1970 
are  listed  in  Table  2. 
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TABLE  1. --Optimal  values  of  laminar-flow  resistance  parameter  IC 
for  cwo-~fcca  optimized  hvdropra-'hs. 


Tost 

Number 

(1) 

Slope,  in 
feet  per  feet 

(2) 

Intensity,  in 

inches  per  hour 

(3) 

Duration,  in 
minutes 
(^) 

K  During 
Rainfall 
(5) 

IC  After 
Rainfall 

(3) 

10 

0.0075 

2.92 

1.0 

33 

17 

12 

0.0075 

3.  11 

4.0 

29 

1C 

19 

0.0435 

3.  23 

1.0 

39 

15 

20 

0.0465 

2.  04 

4.0 

35 

17 

24 

0.0435 

1.  06 

4.0 

20 

13 

27 

0.0003 

2.97 

1.0 

34 

13 

29 

0.0C06 

3.01 

4.0 

40 

16 

33 

0.0C06 

1.20 

4.0 

25 

14 

* 
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TAB 1Z  2.--S  cdimcncation  facilities  and  Inscrum.cntat  ion 
Northwest  Uatershed  Research  Center,  1970. 


LOCATION  DESIGNATION 

SEDIMENTATION 

NO. 

NAME 

INSTRUMENTATION 

DESCRIPTION 

036063 

Outlet  Ueir 

Hand  Sampling 

During  Flood  Events 

046017 

Salmon  Or. 

Drop- Box  Ueir 

Hand  Sampling 

During  FlcoJ  Events 

046084 

Macks  Cr. 

Drop- Box  Ueir 

P.S.  57  Pumping 
Sampler 

Floac  Actuated 

048077 

Summit  Drop- 
Box  Ueir 

Gravity  Sampler 

Bed  load  Catchment 

Float  Actuated 
Following  Events 

097098 

Nancy  Gulch 
Runoff  Plot 

Tanks  and 

Splitter 

Following  Events 

116083 

Tollgato 

Drop- Box  Ueir 

P.S.  57  Pumping 
Sampler 

Float  Actuated 

138012 

Upper  Sheen  Cr. 
Drop- Box  Ueir 

Chickasha  Pump  Samp. 
Bed load  Catchment 

Float  Actuated 
Following  Events 

166076 

Reynolds  Kin. 
V-Nctch  Ueir 

Chickasha  Pump  Samp. 
Bedload  Catchment 

Float  Actuated 
Following  Events 

015094 

Little  Rabbit  Cr 
Drop- Box  Ueir 

Chickasha  Pumping 
Samn ler 

Float  Actuated 

022007 

Rabbit  Cr. 

Flume 

P.S.  67  Pumping 

Samp ler 

Float  Actuated 

Hand  sampling  or  suspended  sediments  at  the  large  weirs  during  flood 
events  continued  through  1970;  however,  limited  personnel  and  travel 
difficulties  prevented  collection  of  much  valuable  data  at  sites  where 
pumping  samplers  were  not  installed  or  not  in  operation.  Failures  of 
the  P.S.  67  pumping  samplers  were  common  during  the  past  year  due  to 
inoperative  float  switches,  pumps,  solenoids,  sample  trap  mechanisms  and 
electronic  controls.  Plumbing  leans,  battery  failures  and  freezing  also 
caused  frequent  maintenance  and  poor  data.  The  Interagency  Sedimentation 
Laboratory  has  made  numerous  changes  ana  improvements  on  the  ser.plcrs 
during  the  past  year  and  two  of  the  four  samplers  have  been  altered  by 
installing  new  trap  mechanisms,  air  solenoids,  tank  float  switches  and 
electronic  controls.  These  changes  iiavc  caused  delays  in  completing 
instrumentation  and  loss  of  much  imrortant  data. 
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The  Chickasha  pumping  samplers  cannot  be  effectively  used  at  sites  where 
quantities  of  sand  may  be  pumped  through  the  system  because  the  pump 
impellers  soon  fail.  H  wever,  these  samplers  have  proven  very  reliable 
at  sites  where  only  fine  grained  sediments  are  in  suspension.  The 
Chickasha  sampler  is  an  excellent  device  for  instrumentation  of  small 
watersheds  and  fine  grained  sediments.  Also,  screening  of  the  intakes 
to  prevent  plugging  by  flood  debris  is  very  important  since  no  back- 
flushing  system  is  available  with  the  sampler. 

The  purchase,  installation,  and  maintenance  coses  for  automatic  sediment 
sampling  equipment  and  facilities  has  been  extremely  high  because  of 
(1)  rapidly  increasing  initial  cost  of  equipment,  (2)  continuing  redesign, 

(3)  need  for  spare  'arts  when  repairs  and  improvements  arc  being  made, 

(4)  need  for  heated  facilities  and  (5)  frequent  servicing,  adjustment,  and 
repair. 

Two  gravity  samplers  for  suspended  sediments  were  designed  and  fabricated 
at  the  University  of  Idaho  under  the  direction  of  Asst.  Prof.,  Ilyror.  Molnau, 
and  one  of  the  units  was  installed  at  the  Summit  Drop-Box  Weir.  However, 
the  sampler  failed  frequently  during  field  testing  and  improvements  are  in 
progress.  Ac  sites  where  free  overfall  exists,  the  gravity  sampler  operates 
without  use  of  a  pump  and  a  complicated  switching  mechanism. 

Instrumentation  of  a  14- ft.  by  72-ft.  runoff  and  sediment  plot  was  completed 
in  1970  on  the  Nancy  Gulch  watershed.  Runoff  and  sediment  arc  measured  in 
tanks  following  each  runoff  event  and  the  system  capacity  accommodates  one 
inch  of  runoff. 

Catchments  for  measurement  of  bed  ldad  at  w cir  sites  have  been  constructed 
on  three  watersheds  as  shown  in  Taole  2.  The  accumulations  of  sediment 
are  measured  following  runoff  events  and  then  cleaned  for  the  next  event. 

b.  Sediment  yield  from  January  runoff 

January  1970  precipitation  amounts  exceeded  previous  records  for  any  month 
at  several  weather  stations  in  Idaho.  Generally,  the  precipita't ion  occurred 
on  20  consecutive  days  from  January  9  through  2C.  Similar  mid-winter 
storms  have  occurred  on  the  Reynolds  Creek  Experimental  Watershed  in  six 
of  eight  years  since  records  began  and  caused  some  degree  of  flooding. 
Comparative  data  on  precipitation  and  peak  flow  are  shown  in  Table  3  for 
the  major  mid-winter  storm  events.  Usually,  the  rain  is  accompanied  by 
warm  temperatures  and  wind  which  causes  rapid  melting  of  the  snot;  on  frozen 
ground.  However,  the  1970  flood  peak  occurred  on  January^7 th. after  19 
consecutive  days  of  warm  temperatures  and  alternating  rain  and  snovr  which 
thoroughly  thawed  and  saturated  the  soil. 
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TABLE  3. --Prec in ica t ion  and  flow  for  nid-winter  storm  events, 

Rcvno Ids  Creek  Zxoer  imenta 1  Watershed. 


Year 

Storm 

Period 

Pcaic^ 

Flow 

Precipitation  at  Selected 

9  / 

f  .  «  .  •  _  *—  / 

Jlut iCUu" 

3/ 

R.G.  076457" 

4/ 

R.G.  155407“ 

5/ 

R.G.  173407“ 

(C.F.S.) 

(INCHES) 

(INCHES) 

(INCHES) 

1963 

Jan.  2C-Feb.  3 

2330 

2.06 

2.60 

3.  37 

1964 

December 

3300 

5.37 

10.  19 

,0.53 

1965 

January 

1100 

3.21 

6.  55 

7.27 

1967 

January 

266 

1.97 

5.79 

9.49 

I960 

February 

327 

1.0C 

3.92 

3.30 

1969 

January 

900 

3.  63 

3.  14 

9.03 

1970 

January 

730 

2.96 

9. 14 

3.52 

1/  Outlet  Weir,  drainage  area  of  90  sq.  miles 
2/  Unshielded  gages 

3/  Raingage  elevation  3915  ft. 

4/  Raingage  elevation  5410  ft. 

5/  Raingage  elevation  3300  ft. 


Sediment  yield  per  unit  area  was  greatest  at  the  lower  elevation  watersheds 
as  a  result  of  January  storm  runoff  because  the  deeper  snow  at  higher 
elevations  absorbed  most  of  the  rain.  Sediment  data  from  three  representa¬ 
tive  stations  at  varic  .s  elevations  arc  summarized  in  Table  4.  Storm 
characteristics,  runoff,  and  sediment  yield  for  the  January'  1970  event  were 
very  similar  to  the  event  of  January  1963,  as  shown  in  Figure  5.  On  the 
basis  of  nearly  ten  years  of  record,  mid-winter  runoff  events  of  near-flood 
magnitude  occur  about  three  years  out  of  four.  The  usual  combination  of 
warm  temperatures,  wind,  rain,  snot/nelt,  and  frozen  soil  have  caused  the 
major  floods  of  record  with  associated  high  sediment  losses.  The  January 
1970  event  appears  somewhat  typical  of  mid-winter  events  common  to  inland 
areas  of  Northwestern  U.S.  although  of  grcatcr-than-normal  magnitude. 
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TABLE  4. --Surma 

rv  of  runoff 

and  suspended  sedim 

.ent  from  scle 

ctcd  water- 

sheds 

j_  1970. 

Watershed 

Drainage 

Runo  f  f 

Suspended 

Sediment  Yield 

and  No. 

Area 

January  March- June 

January 

March- June 

(Acres) 

(Inches)  (Inches) 

(Tons/ acre) 

(Tons / acre) 

Reynolds  lit. 
East,  168070 

ICC 

0. 38  18.77 

0 

0.218 

Reynolds  Cr. 
Tollg"  'c 

116CG3 

1  ^ \  3 

1.22  7.83 

0.  117 

0.409 

Macks  Cr.  at 
Weir,  C460C4 

7 

/  ,  L’-r  J 

1.01  0.93 

0.4C5 

0.054 

c.  Sediment  yield  iron  spring  sno'./meit  runoff 

The  water  content  of  the  snowpack  et  higher  devotions  of  uhc  Reynolds  Creek 
Experimental  Watershed  u:j  greater  then  novel  et  the  beginning  of  the  spring 
snowmelt  season;  however,  January  stems  caused  melting  of  much  of  the  snow- 
pack  below  5,5CC  feet  elevation.  figure  a  shows  the  graphs  of  temperature, 
runoff,  and  suspended  sediment  for  the  snowmelt  seasons  of  1909  and  1970. 
Typically,  the  major  portion,  of  the  seasonal  sediment  yield  is  asecciaced 
with  peak  1! lew  curing  periods  of  highest  temperature.  Table  A  above  ccntains 
a  summary  of  data  on  runoff  and  sediment  yield  for  1970  at  selected  stations. 
Sediment  concentrations  are  extremely  lew  during  periods  of  lor;  flow  and  do 
not  contribute  significantly  to  the  total  annual  sediment  yield  amounts. 

d.  Runoff  and  erosion  plots 

A  14- ft.  by  72-it.  plot  in  the  Mercy  Gulch  "ntershed  was  instrumented  for 
measurement  of  runoff  and  sediment  from  natural  tvents.  An  C-inch  high  raetal 
border,  collector,  tanks,  splitter,  and  Fw-i  recorder  have  been  installed 
for  measurement  of  rur.off  and  sediment  from  this  typical  range  site.  Also, 
about  20  other  plots  have  been  staked  at  five  other  sices  which  represent  a 
wide  range  of  elevation,  slope,  cover,  and  soil  conditions.  The  completed 
plot  instrumentation  is  designed  to  catch  cam  inch  of  runoff  from  the  plot 
a-d  to  be  pumped  and  cleaned  following  each  runoff  event. 

<a.  '’aoperative  sedimentation  research 

Cooperative  sedimentation  ar.d  hydrology  research  between  the  Northwest 
Hydrology  .Research  Center  and  the  Wn  ;er  Resources  Research  Institute, 
University  'of  Idaho,  Moscow,  Idaho,  led  to  the  development  and  fabrication 
of  two  gravity- flow  suspended  sediment  samplers  for  use  on  a  watershed  near 
Moscow,  Idaho  (Thompson  Watershed),  and  on  the  Reynolds  Creel:  Watershed. 


I  Rf»produc«<J  from 
I  best  available  copy 
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However,  no  runoff  events  have  occurred  at  these  stations  since  installa¬ 
tion  of  the  samplers.  The  1970  annual  report  to  the  Agricultural  Research 
Service  by  Ilyron  Holnau  and  D.  J.  Davis  contains  data  on  precipitation, 
runoff,  sediment  yield,  temperature,  radiation,  humidity,  wind,  and  evapora¬ 
tion  for  the  Thompson  Watershed  or  nearby  stations.  During  1970  precipita¬ 
tion  was  about  30  inches,  runoff  about  5  inches  and  suspended  sediment 
approximately  0.044  tons  per  acre.  The  report  also  shows  a  schematic 
of  the  gravity  sediment  sampler  and  explains  the  sampler  mechanism  and 
controls . 

Comments,  Interpretations,  and  Future  Plans: 


1.  Overland  Flow  Hydraulic  Parameter  Study 

An  overland  flow  plane  is  a  very  important  component  cf  a  total  watershed 
system.  Furthermore,  much  of  the  sediment  yield  from  rangeland  watersheds 
nay  originate  from  surfaces  that  could  be  classified  as  overland  flow  planes. 
Therefore,  one  emphasis  of  chis  sedimentation  study  has  been  and  will  continue 
to  be  an  analysis  of  overland  flow. 


The  synthetic  laminar-flow  resistance  parameter  data  that  was  obtained  from 
the  sectional  optimisation  was  used  in  conjunction  with  a  dimensional 
analysis  and  a  least-sauarcs  analysis  to  yield  predictive  resistance  parameter 
relationships.  As  a  result,  the  following  power  equations  relate  the  re¬ 
sistance  parameter  to  the  precipitation  number  P  (precipitation  rate  divided 
by  the  product  of  unit  discharge  and  downstream  depth)  during  rainfall  ar.d 
to  the  Weber  number  W  (the  product  of  unit  discharge,  downstream  velocity, 
and  fluid  mass  density  divided  by  surface  tension)  after  rainfall: 


K  =  C. 95  P 


0.  1431 


and 


n 

Sj 


0. 1066 

4  W 


The  predictive  power  equations  were  tested  by  including  them  in  the  numerical 
solution  of  the  mathematical  model.  Resulting  predicted  hydrographs  com-  ■ 
pared  closely  to  the  observed  hydrographs,  as  shown  in  Figure  3.  The 
exponents  of  the  power  equations  arc  small  in  magnitude  (reflecting  a  small 
slope  for  the  regression  lines),  thus  supporting  a  hypothesis  that  two  care¬ 
fully  selected  constant  values  of  the  resistance  parameter  arc  adequate  tc 
reproduce  the  laboratory  hydrographs.  This  hypothesis  is  supported  by  the 
results  shown  in  Figures  2  and  4.  The  value  of  the  resistance  parameter 
that  is  chosen  for  the  rainfall  period  must  be  larger  in  magnitude  than  the 
value  chosen  for  the  recession  period,  as  indicated  in  Table  1  and  Figures 
2  and  4.  The  fact  that  two  constant  values  may  be  used  satisfactorily 
suggests  that  the  hydrographs  arc  fairly  insensitive  to  changes  in  the 
precipitation  number  and  the  Weber  number. 


In  another  study  a  stochastic  strear.f low  model  was  used  to  sequentially 
generate  synthetic  records  for  the  Cascade  River  at  Marblcmcunt,  Washington. 
Statistics  of  generated  flow  sequences  compared  closely  to  the  respective 
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statistics  of  the  36-year  historic  flow  sequence.  Gumbel  method  estimates 
of  the  100-ycer  maximum  and  minimum  flows  also  compered  reasonably  to  those 
obtained  by  sequential  generation. 

Future  plans  for  further  overland  flow  analysis  under  this  research  outline 
include  a  field  evaluation  of  the  mathematical  model.  Field  plots,  14  ft. 
by  72  ft. ,  have  been  selected  at  various  locations  on  the  Reynolds  Creek 
Experimental  Watershed.  Borders  and  water  and  sediment  measuring  devices 
will  be  installed  during  1971  and  1772.  Artificial  rainfall  will  be  applied 
to  the  plots  with  a  portable  sprinkler  system.  Runoff  hydrographs  will 
be  measured  in  conjunction  with  sediment  yields  in  an  attempt  to  relate  the 
overland  flow  parameters  to  sediment  yields.  The  runoff  hydrograph3  will 
also  be  used  to  test  further  the  mathematical  model  of  overland  flow. 

Other  future  plans  include  developing  a  no.;  research  outline  during  1371 
for  further  study  of  surface  runoff.  Further  analysis  of  the  overland  flow 
model  will  be  conducted  using  previously  published  data  by  other  authors. 

This  analysis  will  provide  an  unbiased  check  on  Schreibcr's  model,  since 
it  was  developed  from  a  limited  set  of  laboratory  data.  This  analysis  is 
a  necessary  prerequisite  to  the  plot-runoff  field  testing  program.  The 
overland  flow  model  will  then  be  expanded  to  include  a  channel  network  and 
several  overland  flow  planes.  The  new  surface  runoff  mathematical  model 
will  be  tested  by  runoff  data  obtained  from  the  laboratory  (Palcusc  Rain 
Tower  and  other  published  data)  and  tha  field  (Reynolds  Creek  Experimental 
Watershed  and  other  published  data).  A  comparison  of  results  obtained  by 
the  proposed  surface  runoff  model  will  also  be  made  to  results  obtained 
by  the  instantaneous  unit  hydregraph  approach. 

Publications  completed  and  in  preparation  since  last  year's  report  arc  the 
following: 

Schrciber,  D.  L.  1970.  Overland  flow  simulation  by  a  nonlinear  distributed 
parameter  model.  Ph.D.  thesis.  College  of  Engineering,  Washington  State 
University,  Pullman,  Washington,  June. 

Schrciber,  D.  L. ,  and  Bender,  D.  L.  Sequential  generation  of  annual  stream- 
flow.  SWC  approval  granted  September  1970  for  publication  in  the  Trans¬ 
actions  of  the  ASAE.  Submitted  to  ASAE  November  1970. 

Schreibcr,  D.  L. ,  and  Bender,  D.  L.  Obtaining  overland  flow  resistance  by 
optimization.  SWC  approval  requested  January  1971  for  publication  in 
the  Journal  of  the  Hydraulics  Division,  ASCE. 

2.  Sediment  yield  studies 

There  is  a  definite  need  for  a  greater  number  of  sediment  measuring  stations 
in  Idaho,  Eastern  Oregon  and  Eastern  Washington  if  erosion,  stream  sediments 
and  reservoir  sedimentation  arc  to  be  measured,  understood  and  controlled. 
Only  a  few  of  the  numerous  stream  gaging  stations  are  instrumented  for  sedi¬ 
ment  sampling  although  serious  erosion  and  sedimentation  problems  arc  evident 
in  many  places.  Therefore,  a  network  of  sediment  measuring  stations  arc 
needed  to  supplement  long  terra  data  from  stream-gaging  stations. 

The  accurate  measurement  of  total  sediment  iron  plots,  watersheds,  and 
large  drainage  basins  requires  the  use  of  the  best  available  sampling  devices 


J 


13-11 


and  techniques.  Therefore,  efforts  r.ust  he  continued  to  develop  and  im¬ 
prove  automatic  suspended  sediment  samplers  for  field  use. 

Experience  at  the  Northwest  Watershed  Research  Center  has  proven  (1)  that 
procurement,  installation  and  maintenance  of  automatic  sediment  samplers 
are  very  expensive  at  remote  sites  when  operated  to  monitor  winter  flood- 
during  freezing  weather,  (2)  that  less  expensive  Chickasha  and  Interagency 
P.S.  57  pumping  samplers  are  useful  only  at  certain  sites  and  have  limited 
reliability,  and  (3)  that  improved  sampling  devices  and  techniques  arc 
needed  under  the  difficult  field  conditions  encountered. 

Above  average  winter  precipitation  and  snow  accumulation  in  1370  caused 
runoff  and  sediment  yield  similar  to  that  of  several  other  years  of  record 
and  is,  probably,  representative  of  conditions  to  be  expected  in  about  three 
out  of  four  years.  Soil  loss  from  major  Reynolds  Creek  Watersheds  approaches 
one  inch  in  100  years  on  the  basis  of  limited  data. 

With  continued  support  and  cooperation  of  the  Bureau  of  Land  Management, 
measurement  and  analysis  of  sedimentation  on  plots,  from  source  areas  and 
from  streams  './ill  continue,  improve  and  increase.  Also,  all  available 
data  is  being  processed  and  analyzed  for  publication. 

The  gravity  susoended  sedimcnc  samplers  at  Moscow,  Idaho  (Thompson  Watershed) 
and  at  the  Reynolds  Creek  Watershed  will  be  thoroughly  field  tested  during 
natural  runoff  events  to  determine  the  reliability  of  the  equipment.  The 
usefulness  of  these  samplers  for  runoff-sediment  plots  and  small  watershed 
studies  will  be  investigated.  A  paper  and  slides  describing  the  gravity 
sampler r/ere  .presented  at  the  25th  Annual  Meeting  of  the  Pacific  Northwest 
Region  of  the  American  Society  of  Agricultural  Engineers,  October  7-9,  1970, 
as  noted: 

Johnson,  C.  W. ,  and  Molnau,  Myron. 

A  gravity  sedimenc  sampler  for  drop-box  weirs.  25th  Annual  Meeting 

of  An.  Soc.  of  Agr.  Engineers,  Oct.  7-3,  1970,  Bozeman,  Montana. 


lot 


QN003S  U3d  133d  OlSflO  Nl  *£OI  *  ddONOd 


TIME, IN  MINUTES 

Figure  1.  Observed  and  optimized  hydrographs  for  test  27 
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Figure  2.  Observed  and  two-piece  optimized  hydrographs  for  test  27 


+01 


1 


4 


( /  v 


0N003S  d3d  133d  01800  Nl  ‘£0i  *  ddONfld 


TIME,  IN  MINUTES' 

FijMiro  3.  Observed  and  predicted  hydro^rapbs  (based  on  power  equations  for  K)  for 
Test  27. 


SLOPE s  0.0806  FOOT  PER  FOOT 


4- 

O 


<r 

3 

o 

X 

X 

UJ 

CL 

co 

UJ 

X 

o 

z 

f- 

05 

cvi 

ii 

> 

h- 

(n 

z 

UJ 


+ 


00 


10 


<r  <vi 


O 


CO 

UJ 

3 

z 

2 

z 

UJ* 


GN003S  hid  1333  01800  Nl  ‘£0I  *  ddONfiy 


Figure  4,  Observed  and  predicted  hydrographs  (based  on  K  c  24  during  rainfall  and 
K  =  14  after  rainfall)  for  test  27. 


Figure  5 


Precipitation,  runoff,  and  sediment  yield  (suspended)  for  Macks  Creek 
Watershed,  January,  1970. 
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Figure  6.  Temperature,  runoff  and  suspended  sediment  vield,  Reynolds  Creek 
at  Tollgate,  1969  and  1970.  (Temperature  from  Reynolds  Weather 
Station) 
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Gb'C-Oll-f 3o-l  Influence  of  climatic,  biologic,  and 

physical  factors  on  rangelend  water¬ 
shed  hydrology 

Data  collected  during  a  rain-on-snow  event  demonstrated  that 
the  snov/pack  can  store  a  considerable  amount'  of  v.’ater.  Of  the 

l. G2  inches  of  precipitati on  that  fell  as  rain  (measured  by 
an  unshielded  gege),  only  1.44  inches  of  mater  came  out  the 
bottom  of  the  snovpack.  Therefore,  at  least  0.33  inch  of  rain- 
mater  v:as  stored  within  the  11-inch  cnowpack,  v.'ith  an  initial 
mater  equivalent  of  1.28  inches.  ( Ida-f o-lOO.l) 

Computed  precipitation,  using  data  from  shielded  and  unshielded 
gages,  for  the  mater  year  1855-70  in  the  Reynolds  Creek  Zbrperi- 
nontal  '..'ater shed,  exceeded  the  precipitation  caught  by  un¬ 
shielded  gages  by  about  1  inch  v;here  the  total  precipitation 
caught  by  the  unshielded  gage  mas  10  inches,  but  exceeded  the 
catch  by  nearly  14  inches  at  higher  elevations  mhere  the  total 
catch  was  about  31  inches.  The  unshielded  gage  catch  mas 
only  about  69  percent  of  the  computed  precipitation  at  the 
higher  elevations  where  the  greater  percentage  of  precipitation 
occurred  as  snow  and  where  wind  speeds  are  greatest. 

( Ida-bo-lG2 . 1 ) 

A  developed  mathematical  model  for  computin_  actual  precipita¬ 
tion  from  shielded  and  unshielded  gage  data,  independent  of 
mind  and  type  of  precipitation,  utilizes  \/ind  functions  for 
the  ratios  of  catch  by  shielded  and  unshielded  cages  to  actual 
precipitation.  Date,  for  the  direct  computation  of  actual 
precipita.tion  are  not  available,  except  in  the  Reynolds  Creek 
’.'a  ter  shed,  since  precipitation  is  universally  observed  by  use 
of  only  unshielded  or  shielded  gages.  Coefficients  have  been 
derived  by  use  of  the  mathematical  model,  and  data  on  catch  by 
shielded  and  unshielded  gages,  temperature,  and  mind  to  convert 
catches  by  either  unshielded  or  shielded  gages  tc  estimates 
of  actual  precipitation  as  a  function  of  mind  and  temperature. 
The  ratio  for  unshielded  gage  catch  to  actual  precipitation 
for  tempera  cures  of  23°  to  32°F.  is  0.71  for  a  wind  of  10 

m. p.h.  and  is  0,36  for  a  wind  of  30  n.o.h.  The  coefficients 
derived  makes  it  possible  to  convert  precipitation  ricasured 
by  ordinary  gages  to  estimates  of  actual  precipitation  by  use 
of  wind  and  temperature  data,  ( Ida-Do-102 .6 ) 

Data  collected  during  a  long  period  of  high  continuous  snowmelt 
further  demonstrates  the  differential  response  of  the  12  ft, 
butyl  pillow  and  the  universal  gage  to  decreases  in  mater 
equivalent  of  the  snompack.  Under  high  melt  conditions  the 
water  equivalent  measurement  as  made  y  the  universal  gage 
clearly  exhibits  distinct  diurnal  changes  as  compared  to  only 
continuous  linear  decreases  for  the  12  ft.  butyl  pillow 
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measurement;  This  difference  in  response  appears  to  be  associ¬ 
ated  with  differential  settling  of  \.he  snowpack  on  the  flexible 
surface  of  the  12  ft.  butyl  pillow  and  the  temporary  mounding 
of  water  on  its  surface.  ( Ida-fo-lC2 .7 ) 

Studies  of  channel  roughness  in  laboratory  flumes  and  natural 
channels  have  sho  n  the  complex  interaction  of:  (1)  shape, 
spacing,  and  size  of  bed  roughness  elements;  (2)  geometry  and 
slope  of  the  channel;  and  (3)  flow  velocity  and  turbulence* 
Parameters  to  describe  various  bed  element  spacing,  size 
distribution,  intensity  and  effective  height  have  been  useful 
in  comparing  random  and  regular  flume  roughness  patterns  to  show 
that  maximum  flow  resistance  for  a  specified  intensity  occurs 
with  random  spacing  of  elements*  ..Iso,  narrow  channels  have 
greater  flo w  resistance  than  'wide  channels  with  equal  bed 
roughness.  ( Ida-2>o-lG4.1 ) 

kenoval  of  a  dense  sagebrush  growth  by  grubbing  and  by  spray¬ 
ing  with  2-4-5-T  resulted  in  a  threefold  increase  in  herbage 
yield  compared  with  an  untreated  control  area  c.fter  two  growing 
seasons  with  no  grazing.  Measured  soil  moisture  depletion  was 
greater  and  snow  accumulation  less  ’..here  brush  had  been  removed. 
Studies  at  ocher  sites  ’with  different  brush  cover,  annual  pre¬ 
cipitation,  soils  and  grazing  use  are  in  progress  to  fully 
verify  the  favorable  forage  yield  increases  indicated  on  the  . 
first  study  cite  and  to  verify  any  differences  in  coil  moisture 
depletion,  (Ida-So-105.4) 

A  mathematical  model  of  a  steady-state,  two-dimensional  flow 
system  resulting  from  snowmelt  infiltration  on  a  watershed 
slope  has  been  partially  verified  by  1970  field  data  obtained 
from  the  north  slope  of  Upper  Sheep  Creek  ' ’atershed  ".J-17,  a  sub¬ 
basin  of  the  Reynolds  Creek  experimental  '.’atershed  "-1, 

Analysis  of  the  field  data  indicate  that  steady-state  con¬ 
ditions  were  not  fully  achieved  during  the  snowmelt  period  of 
1970.  The  mathematical  model  does,  however,  indicate  what 
types  of  additional  observations  should  be  obtained.  Limited 
field  data  verify  to  a.  degree,  the  indications  from  mathe¬ 
matical  solutions  that  the  saturated  hydraulic  conductivity  of 
the  soils  (1)  decreases  with  depth  below  the  ground  surface, 
and  (2)  decreases  up si ope  from  the  stream  channel  for  about  one- 
third  the  distance,  then  increases  sharply  at  this  point,  and 
decreases  again  upslope  until  near  the  top  of  the  slope  'where 
it  once  more  increases.  ( Ida-Uo-105 .5 ) 

Mathematical  models  of  transient,  partially  saturated,  one- 
dimensional  vertical  and  three-dimensional  axisynmetric,  flo w 
through  coils  have  been  developed  end  partially  verified  by 
laboratory  data  obtained  from  a  soil  from  the  :eynolds  Creek 
C:rperimental  ’.atershed.  A  modified  Curdinc  Theory  provides 
a  functional  relationship  for  obtaining,  from  saturation¬ 
capillary  pressure  data,  the  change  of  relative  hydraulic 
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conductivity  with  capillary  pressure.  Reasonably  good  agree¬ 
ment  is  attained  between  observed  conduct! vity-pressure  data 
and  the  results  predicted  by  the  modified  Burdine  Theory. 
Solution  results  from  the  two  mathematical  models  indicate  that 
boundary  effects  on  circular  inf iltrometers  significantly  alter 
the  f lovf  pattern,  even  reducing  the  saturation  at  the  surface 
centerline  appreciably  over  that  which  would  exist  for  the 
same  application  rate  over  an  infinite  area.  ( Ida-Bo-105 .6 ) 

A  rainfall  simulator -gamma  probe-inf iltrometer  with  a  combina¬ 
tion  of  capillary  needle  sizes,  air  and  water  pressure,  is 
capable  of  duplicating  the  median  drop  sizes  of  natural  rainfall 
up  to  intensities  of  4  inches/hour.  The  control  of  drop  sizes 
and  intensities  also  make  it  possible  to  produce  a  desired 
rainfall  energy  even  though  terminal  velocities  are  not  reached, 
(Ida-Bo-105. 6) 

Laboratory  tests  of  a  net/,  commercially  available  two-probe 
(gamma)  density  gauge  utilizing  a  tracking,  differential  pulse 
height  discriminator  for  temperatures  ranging  from  37°  to  30°F, 
indicates  that  density  readings  (both  means  and  variances)  are 
not  significantly  different.  The  probable  error  in  the  measure¬ 
ment  of  soil  moisture  on  a  large  laboratory  sample  over  a 
saturation  range  of  55  to  85  percent  was  0.63  percent. 

( Ida-Bo-105 . 6 ) 

Estimates  of  evapotranspiration  by  the  Eowen  ratio  method  and 
by  energy  balance-combination  equations  are  in  agreement  for 
irrigated  alfalfa,  but  the  Bowen  ratio  estimates  are  consider¬ 
ably  smaller  for  seniarid  sagebrush  rangelands.  The  apparent 
difficulty  in  using  the  Bowen  ratio  method  in  seniarid  environ¬ 
ments  lies  in  the  assumption  of  equadity  in  the  transfer  co¬ 
efficient  of  heat  and  water  vapor  and  in  obtaining  reliable 
measurements  of  very  small  vapor  pressure  gradients.  The 
popular  energy  balance-combination  equations  for  computing 
evapotranspiration  that  require  humidity  data  in  adeition  to 
surface  temperature  and  radiation  data  that  are  required  in 
the  basic  energy  balance  equation  are  of  limited  use  since 
their  results  are  redundant.  Their  only  purpose  is  in  the 
formulation  of  an  equation  for  estimating  potential  evaporation, 
•where  for  a  saturated  surface,  the  inclusion  of  air  humidity 
eliminates  the  need  for  surface  temperature  data.  ( Ida-Bo-106.1 ) 

VJater  balance  computation  for  watersheds  in  southwestern  Idaho  . 
during  the  water  year  1969-70  indicate  that  nearly  all  precipi-. 
tation  was  lost  to  evapotranspira cion  in  areas  with  less  than 
15  inches  of  precipitation  while  67  percent  was  lost  in  the  20- 
to  40-inch  precipitation  zone.  The  water  yield  was  10  inches 
from  the  20-  to  40-inch  precipitation  zone,  (I da -Bo- 106.1) 

For  a  semiarid  low  sagebrush  site,  the  surface  albedo  was 
observed  to  be  relatively  constant  at  13  percent  in  early  June. 
The  net  radiation  was  estimated  v;ith  reasonable  accuracy  as  a 
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linear  1 unction  of  incoming  solar  radiation.  A  close 
correlation  v/as  also  found  between  the  soil  heat  flux  and  net 
radiation.  i\  regression  of  evapo'cranspirat ion  on  net  radiatio 
yielded  a  simple  correlation  of  0.77.  ( Ida-Go-106 . 1 ) 

S  ;C-012-fl3o-2  Ground  water  in  relation  to  management  of 
rangeland  watersheds  in  the  northwest. 

A  systematic  change  v;as  noted  in  percent  volume  soil  water  in 
the  saturated  zone  at  constant  depths  of  measurement  under  an 
irrigated  field.  The  cause  may  be  due  to  instrument  error  as 
a  result  of  temperature  sensitivity.  Soil  -water  information, 
including  corrected  soil  water  values  for  the  saturated  zone, 
and  changes  in  the  piezometric  water  levels,  were  used  to  assess 
specific  yield  and  evapotrarspira cion  to  compute  total  water 
loss.  The  loss  values  computed  to  date  average  23  percent, 
which  is  reasonable  for  loam  soils  such  as  these  as  mentioned 
in  the  literature.  ( Ida-Co-103 .3 ) 

From  a  correlation  analysis  of  water  level  elevation  versus 
ionic  ratio  from  ground-water  samples  in  a  basalt  aquifer  flow 
system,  it  was  found  that  silica  (3i02)  decreases  downstream 
in  the  flow  system.  negative  correlation  (-0.996)  for  total 
dissolved  solids  to  silica  (TDS/Si02)  versus  water  level 
elevation,  shows  that  TDS  increases  downstream  in  the  flow 
system.  Analyses  to  date  indicate  that  these  characteristics 
are  predictable  and  can  be  used  with  confidence  for  water 
quality  mapping  purposes  in  the  area  of  study.  ( Ida-Co-103 .4 ) 


Sw'C-011-f  Go-3  Affect  of  runoff,  precipitation,  climate, 

soil,  vegetation,  land  use,  and  land  form 
on  sediment  yield. 

A  mathematical  model  developed  to  simulate  and  predict  over¬ 
land  flow  hydrographs  was  verified  by  laboratory  data*  Param¬ 
eter  optimization  provided  a  set  of  representative,  synthetic 
resistance  parameter  values.  The  synthetic  data  and  a  dimen¬ 
sional  analysis  yielded  predictive  resistance  parameter  rela¬ 
tionships.  Resulting  predicted  hydrographs  compared  closely 
to  the  observed  hydrographs.  Satisfactory  results  are  also 
obtained  with  a  constant  resistance  parameter  value  during 
rainfall  and  a  constant  of  lesser  magnitude  during  recession* 
As  indicated  by  the  results  of  this  study,  sediment  yield  from 
overland  flov;  planes  is  probably  initiated  during  rainfall 
periods,  since  turbulence  effects  are  greater.  ( Ida-Co-107.1) 

Two  years  of  experience  with  three  Interagency  P.3.  67  pumping 
samplers  have  resulted  in  numerous  failures  involving  almost 
every  mechanical  and  electronic  part  of  the  sampler  systems. 
Therefore,  continued  development  and  improvement  of  automatic 
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suspended  sediment  sampling  equipment  is  very  important.  Also, 
a  network  of  suspended  sediment  sampling  stations  is  urgently 
needed  in  Idaho,  Nevada  and  Eastern  Oregon  to  compliment  long 
term  runoff  records  throughout  the  area.  ( Ida-3o-lQ7 .1 ) 

Cedinent  yield  from  Southwest  Idaho  watersheds  above  6000  feet 
elevation  is  mainly  contributed  during  the  spring  snowmelt 
season.  In  contrast,  watersheds  from  4000  to  6000  feet  eleva¬ 
tion  contribute  the  greatest  sediment  during  mid-v/inter  runoff 
events  which  occur  when  soils  are  frozen  or  nearly  saturated.. 
Hov/ever ,  e;:trenely  dry  or  v.?et  years  may  cause  a  chance  from  the 
somewhat  normal  pattern.  Delineation  of  major  sediment  source 
areas  under  the  c::trenely  variable  topography,  soil  and  cover 
conditions  found  in  the  Reynolds  Creek  watershed  is  very 
difficult  without  runoff -sediment  plots  to  define  the  factors 
which  greatly  influence  erosion  and  sediment  production  from 
specific  sites.  ( Ida-bo-107 . 1 ) 
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Soil  .Ad  Y  TAf  L2  CF  STATUS  OF  nfS.L,fCH  CUTLI?TES 

Sw'C-Qll-ff  o-l  Influence  of  climatic,  biologic, 
ana  physical  ractorc  on  rangeland 
vjat  cashed  hydrology. 

Ida-f  o- 100 . 1  —  Snow  accumulation  and  celt  on 
study  areac 


Ida-fo-lC2 . 1  — 


.citation  character i sti os 


*  «L 

of  a  northern,  noun tad 
seniar id  watershed 


r.ou: 


Status 

Code 


Ida - f c-102 .6  —  Evaluation  of  precipitation 
gage  performance 

Ida-fc-102 . 7  —  evaluation  of  pressure  pillows, 
and  hydro.ulic  weighing  and 
catchccnt  devices  for  snov;  and 
or ec imitation  measurements 


D 


I da -_o- 104.1  — 


.esxstance  coefficients  for  steep- 
rough  channels 


Ida- Lo-105 .4  —  Evaluation  of  cover  production, 

herbage  yield,  and  coil  conditions 
for  different  levels  of  management 


Ida-f o-lCS . 5  — 


field  testing  and  evaluating 
natnematical  node  is  of  a  two- 
dimensional,  infiltration  flow 
systen  resulting  from  snovnaelt 


Ida-Sc-105.6  —  fevolooinc 


.nd  evalu¬ 


ating  an  analytical  infiltration 
model 


Ida-fo-106 . 1  — 


natural  evaporation  from  sage¬ 
brush  rangelands,  alfalfa,  and 
stool-:  ponds  in  a  ceniarid 
■environment 


SUC-012 -f f o-2 


Ground  water  in  relation  to  manage¬ 
ment  of  rangeland  watersheds  in  the 
northwest . 


Ida~f o-lC3 . 3  --  Ground-water  flow  system  under 
an  irrigated  field 


Ida-f o-103 .4  — 


feocnemi str y  cf  ground-water 
flov;  systems 
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direct  o_*  runoff,  precipitation, 
ciinaca,  soil,  voge ta rich ,  land 
use ,  and  land  lorn  cn  sediaant 
yield. 


Ida- ™«0“i.C /  .1 


dedinenc  yicia  drop,  rangeland 
aatar sheds 


d  t  a  r  u  s 
Code 
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